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Automatic  Screw  Machine  Practice  for  the  Brown  ft  Sharpe  auto- 
matic screw  machines  is  coyered  in  eight  Reference  Books,  Nos.  99  to 
106,  inclusive.  Reference  Book  No.  99,  "Operation  of  the  Brown  ft 
Sharpe  Automatic  Screw  Machines,"  deals  with  the  construction  of 
these  machines  and  the  setting-up  of  the  tools.  No.  100,  "Designing  and 
Cutting  Cams  for  Automatic  Screw  Machines,"  gives  detailed  instruction 
on  cam  design,  and  describes  a  simplified  method  for  milling  cams. 
No.  101,  "Circular  Form  and  Cut-off  Tools  for  the  Automatic  Screw 
Machine,"  deals  with  the  general  arrangement  and  the  calculations  of 
these  tools,  and  describes  the  different  methods  employed  in  their 
making.  No.  102,  "External  Cutting  Tools  for  the  Automatic  Screw 
Machine,"  deals  with  the  design  and  construction  of  box-tools,  taper 
turning  tools,  hollow  mills,  and  shaving  tools.  No.  103,  "Internal  Cut- 
ting Tools  for  the  Automatic  Screw  Machine,"  deals  with  centering 
tools,  cross-slide  drilling  attachments,  counterbores,  reamers,  and  re- 
cessing tools.  No.  104,  "Threading  Operations  on  the  Automatic  Screw 
Machine,"  treats  on  cam  design  for  threading  operations,  threading 
dies,  taps  and  tap  drills,.  4.^  1^^^  ^^  holders,  and  thread  rolling.  No. 
105,  "Knurling  Operation^jB  l]^e*:.^tftom^i(r  ^^^  Machine,"  describes 
the  construction  of  knurtiff  holtTers,  anil  Hiv^  directions  for  the  mak- 
ing of  knurls  and  the  design  aCtjAilsltMlcvpi  used  in  connection  with 
knurling  operations.  No.  10€;**  rMtfUjQS.  «%!rp8S'driiling  and  Burring 
Operations  on  the  Automatic  JSj^w.  Maf  hl^f ,"  •describes  screw-slotting 
attachments,  index  drilling  s^t%<^{Deb^  ^UiS  barring  attachments,  giv- 
ing directions  for  their  luse  and  for  the  design'of  cams  for  them. 
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CHAPTER  I 


GBNI       li  ARRANGEMENT  OF  CIROULAR  FORM 
AND  CUT-OFF  TOOLS 

Wben  any  given  piece  of  work  is  to  be  made  on  the  screw  machine, 
the  methods  of  arranging  the  operations  and  the  tools  to  be  used 
should  be  decided  upon  before  designing  the  cams.  One  of  the  first 
things  to  consider  is  the  method  of  applying  the  circular  form  and  cut- 
off tools.  The  methods,  of  course,  will  vary  to  a  considerable  extent, 
according  to  the  shape  of  the  piece  to  be  made. 

Forming  with  circular  tools  as  shown  in  Fig.  1,  when  the  piece  per- 
mits, is  usually  the  best  and  quickest  method;  it  is  quicker  than  using 
the  turret  tools,  on  account  of  eliminating  the  necessity  of  revolving 
the  turret.  The  tools  can  also  be  easily  and  quickly  changed  when 
setting  up  for  another  piece.  This  method  is  recommended  when  the 
length  of  the  work  is  not  more  than  2^  times  the  smallest  diameter 
of  the  piece  when  finished.  For  example,  when  the  smallest  diameter 
a  in  Fig.  1  Is  %  inch  and  dimension  b  not  more  than  %  Inch,  it  is 
most  economical  to  use  the  form  and  cut-off  tool  method.  The  oper- 
ations for  making  the  piece  would  be  as  follows:  The  stock  is  first 
fed  out  to  the  stop,  then  the  form  tool  A  is  brought  in,  forming  the 
body  a,  and  Just  as  the  tool  A  is  finishing,  the  tool  B  is  brought  in 
and  severs  the  piece  from  the  bar.  Another  example  is  shown  in  Fig. 
2  where  a  shouldered  screw  is  being  made;  here  the  tool  C  is  brought 
in  and  forms  the  part  e  and  the  neck  e;  then  the  die  threads  the 
screw,  and  the  tool  D  Is  brought  in  and  severs  the  piece  from  the  bar, 
and  forms  the  part  d  for  the  next  screw  at  the  same  time;  the  stock 
is  then  fed  out  to  th^ij^6p 'arid-TthVoperatiSMis  continued.  This  order 
of  operations  necess£tatHs.oAe';coni|)lete' t'^lution  of  the  turret,  for 
each  screw,  and  if  the  time*ut|HEQd  ^y<he  tools  C  and  D  is  not  long 
enough  to  allow  the  turret  to  l>e  revol^df  so  as  to  bring  the  stop  into 
position  for  the  next  piece, /a^^Uional*  >tV^|2  would  have  to  be  allowed 
for  revolving  the  turret;     ;  •   .  '  '  /.    ,  J  \ 

Applications  of  Circular  Tools 
When  making  short  screws  similar  to  that  shown  at  A,  Fig.  3,  where 
the  circular  form  and  cut-off  tools  finish  the  screw,  except  for  the 
threading,  it  is  good  practice  to  apply  the  circular  tools  as  shown,  and 
if  the  time  utilized  by  the  tools  is  not  long  enough  so  that  the  turret 
can  be  revolved  to  bring  the  stop  into  position  for  the  next  piece,  two 
sets  of  tools,  viz.f  two  stops  and  two  die  holders,  should  be  used  in  the 
turret.  The  method  shown  at  B,  Fig.  3,  is  not  commendable,  inasmuch 
as  the  feeding  of  the  stock  varies  to  such  an  extent  that  the  form  tool 
will  break  off  the  screw  when  the  latter  is  much  reduced  at  a,  in  case 
there  be  an  excessive  amount  to  face  off  the  end  of  the  screw.  The 
turret  would  also  require  to  be  indexed,  to  clear  the  slotting  arm,  so 
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that  very  little  time  could  be  saved  by  adopting  a  method  of  this 
description,  except  when  the  part  a  is  large  in  diameter  and  the  screw 
is  short  in  length. 

When  a  box-tool  or  hollow-mill  follows  the  forming  operation,  the 
forming  tool  should  be  beveled,  as  shown  at  e  in  C ;  this  leaves  a  bev- 
eled shoulder  on  the  pieces,  so  that  when  the  box-tool  or  hollow-mill 
is  fed  as  shown  at  Ci,  it  completely  removes  the  superfluous  material 
without  leaving  the  objectionable  ring  which  would  be  produced  if  the 
face  of  the  form  tool  were  square,  as  shown  at  &  in  C^.  This  ring  of 
metal  is  shown  at  c  in  C,;  it  prevents  the  finishing  box-tool  or  die 
from  being  fed  up  to  the  shoulder.  It  is  clearly  seen  that  the  ring 
would  have  to  be  removed  in  any  case.  The  cut-off  tool  should  bevel 
the  end  of  the  stock,  as  shown  at  d  in  C,  in  order  to  permit  the  start- 
ing of  the  box-tool  on  a  light  cut,  until  the  back  rests  have  a  good  sup- 
port; the  bevel  also  locates  the  hollow-mill  and  equalizes  th6  cutting 


FIff .  t .  niuatratloB  sbowlnff  Relatton 
b«tw««B  Bin»ll««t  Dlftmet«r  of  Work 
«nd  Length  of  Formiaff  Tool    . 
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wber«  the  Out-off  Tool  forms  Burt  of 
tb«  Piece 


pressure  on  the  teeth.  Ttr^>f^iOii^  examples- Ja^y  to  the  making  of 
screws,  but  the  principles*  fnvolVed' are* also," *6t'  bourse,  applicable  to 
the  forming  of  other  parts.     *':::*!*:::*.'; 

It  is  obvious  that,  as  the  coflidi^kms*'«l&der  Vhich  the  work  is  done 
and  the  limits  allowed  on  It* vat J^^  ^fV^'*!?  Jvojild  be  impracticable  to 
lay  down  hard  and  fast  rulerf  Ul!rt(gii4;  to*  Che: application  of  circular 
tools,  but  the  following  suggestions  will  be  found  applicable  to  general 
conditions.  At  D,  Fig.  3,  is  shown  a  method  sometimes  used  to  advan- 
tage in  making  shouldered  screws  or  other  pieces  of  a  similar  char- 
acter. This  forming  operation  Is  not  recommended  when  the  piece  to 
be  made  Is  required  to  be  very  accurate,  as  a  slight  eccentricity  In  the 
spring  collet  would  cause  the  part  /  to  be  out  of  true  with  the  part  g. 
In  cases  where  accuracy  Is  required,  the  part  g  could  be  roughed  down 
with  the  cut-oft  tool  and  a  light  finishing  cut  taken  with  a  box-tool. 
At  l>i  Is  shown  an  Improved  method  of  forming  the  same  piece,  as  the 
form  tool  here  removes  the  burr  from  the  head. 

In  applying  circular  tools,  the  question  of  gaging  the  pieces  must  be 
carefully  considered,  as  In  some  cases,  when  difficult  shapes  are  to  be 


Digitized  by  VjOOQ  IC 


FOkM  AND  CUT-OFF  TOOLS 


Digitized  by  VjOOQ IC 


6  No.  loi— SCREW  MACHINE  PRACTICE 

formed,  it  is  advisable,  if  possible,  to  use  the  forming  tool  for  this 
purpose,  thus  avoiding  the  making  of  expensive  gages,  which  is  usu- 
ally necessary  when  more  than  one  tool  is  used.  The  piece  shown  at 
E,  Fig.  3,  will  require  a  box-tool,  forming  tool  and  cut-oft  tool;  if  made 
as  shown,  it  will  be  seen  that  no  gaging  is  necessary,  except  for  diam- 
eters and  over-all  length,  the  latter  not  being  required  to  be  very 
accurate.  At  F,  a  piece  of  the  same  shape  is  shown;  three  tools  are 
used  as  before,  but  the  cut-off  tool  is  used  to  finish  part  h  to  the  re- 
quired length  and  the  box-tool  to  finish  the  shoulder  k  to  correct 
length.      It  will  readily  be  seen  that  a  more  expensive  gage  will  be 
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required  for  gaging  the  parts  h  and  fc,  and  considerable  time  will  be 
lost  in  setting  up  the  tools,  after  grinding,  in  their  correct  relation  to 
each  other,  so  as  to  insure  that  the  part  h  of  the  piece  to  be  made  be 
formed  the  correct  length. 

It  is  generally  necessary  to  provide  means  for  removing  the  objec- 
tionable burrs  thrown  up  by  the  forming  tools,  as  shown  at  O,  Fig.  3. 
The  burrs  are  caused  by  the  tools  becoming  dull  and  by  the  rubbing 
of  the  forming  tools  on  the  sides  of  the  cut,  due  to  lack  of  side  clear- 
ance on  the  side  of  the  forming  tools.  By  adding  a  beveled  edge  to 
the  tools  as  shown  at  0„  the  burrs  are  removed;  this  adds  slightly  to 
the  cost  of  the  tools,  but  in  the  majority  of  cases  the  results  produced 
warrant  the  extra  expense. 
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Holding  ClrcTilar  Form  and  Gut-off  Tools 

The  method  hy  which  circular  tools  are  held  should  be  carefully 
considered,  otherwise  satisfactory  results  will  not  be  obtained.  It  for 
instance,  the  tool-holder  is  light  and  improperly  sum)orted,  chattering 
will  result  when  long  work  is  formed.  To  prevent  this,  the  tool-holder 
should  be  well  proportioned  and  held  rigidly  upon  the  cross-slide.  The 
half-tones  A  and  B,  Fig.  4,  illustrate  a  suitable  holder  for  general  work, 
which  is  supplied  by  the  Brown  ft  Sharpe  Mfg.  Co.  with  their  various 
types  of  automatic  screw  machines.  This  holder  embodies  all  the 
essential  features  necessary  for  obtaining  good  results,  viz.:  rigidity, 
means  to  prevent  the  tool  from  rotating  while  cutting,  suitable  adjust- 
ment, provision  for  periphery  clearance,  means  for  adjusting  the  tool 
at  right  angles  to  the  work,  and  means  for  the  securing  of  the  holder 
to  the  cross-slide. 

The  form  tool  is  firmly  clamped  against  the  face  of  the  holder  by 
means  of  cap-screw  a  and  clamping  bolt  b;  the  latter  is  used  to  keep 
the   tool   from  turning  while  cutting.    Care   should   be   taken   when 
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designing  the  circular  tools,  so  that  the  clamping  bolt  h  gets  an  ample 
bearing  on  the  side  of  the  tool  as  otherwise  the  clamping  bolt  will  in 
time  become  bent,  as  shown  by  the  dotted  lines  in  the  half-tone  B, 
which  would  impair  its  efficiency  as  a  clamping  device.  Plate  d  and 
eccentric  bolt  e  are  provided  for  obtaining  a  slight  adjustment  when 
setting  the  cutting-edge  of  the  tool  in  the  correct  relation  to  the  center 
of  the  work.  The  block  /  is  used  for  raising  the  tool  when  the  cut- 
ting edge  is  cut  below  the  center.  At  g  are  two  screws,  not  shown  in 
the  half-tone,  by  means  of  which  the  tool  can  be  set  at  right  angles 
to  the  work.  The  holder  is  clamped  to  the  cross-slide  by  the  bolt  h 
and  nut  h.  Numerous  types  of  holders  for  holding  circular  tools  have 
been  designed,  the  principles  involved  being  in  most  cases  similar  to* 
those  of  the  one  described. 

Supporting  Lonsr  Work  while  Forming 

It  is  sometimes  found  necessary  to  sui^ort  long  work  while  forming, 

especially  when  the  piece  being  formed  is  turned  down  on  both  ends. 

The  work  is  generally  supported  by  a  support  held  in  the  turret, 

which,  in  the  majority  of  cases,  can  also  be  used  as  a  stop.    In  Fig.  5 
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is  shown  a  piece  which  is  being  supported  in  this  manner.  The  part 
a  is  formed  hy  the  tool  A  and  the  stock  is  then  fed  out  into  the  sup- 
port which  in  this  case  also  acts  as  a  stop;  the  tool  B  then  forms  the 
part  &.'  This  kind  of  a  support  works  satisfactorily  on  work  which 
is  not  required  to  be  very  accurate  and  which  is  left  plain,  i.  e.,  not 
threaded  on  part  a.  In  some  cases  both  ends  are  to  be  knurled;  then 
a  support  of  this  description  cannot  be  used  to  advantage. 

In  Fig.  6  is  shown  a  method  which  will  work  satisfactorily  when 
the  piece  is  threaded  or  knurled.  The  work  operated  on  is  shown  in 
position,  supported  by  a  movable  slide  A  held  in  a  holder  B;  slide  A. 
carries  two  hardened  and  ground  supporting  rollers  C     It  is  forced 


^ 


JfocMiMrvJSr.r. 


Fl«r.  O.    Improved  Method  of  Snpportlnff  Long  Work 

up  against  the  work  by  cam  D,  which  in  turn  is  operated  by  the  cam 
attachment  E.  To  fasten  the  cam  attachment  to  the  machine,  as 
shown  in  Pig.  6,  the  stop  which  is  used  for  locating  the  slotting  arm 
when  it  is  in  position  to  travel  onto  the  work,  is  removed,  and  the 
cam  attachment  is  screwed  down  in  its  place.  Two  dowel  pins  a  have 
been  added  to  the  cam  attachment  to  hold  it  rigid. 

A  detailed  view  of  the  cam  attachment  is  shown  in  Fig.  7,  from 
which  the  operating  parts  can  be  clearly  understood;  the  combination 
stop  and  support  is  shown  in  Fig.  8.  The  operations  to  produce  the 
piece  F,  Fig.  6,  would  be  as  follows:  The  part  &  is  left  to  project  out 
of  the  chuck  far  enough  so  as  to  allow  it  to  be  threaded.  To  start 
the  operations,  the  part  6  Is  formed  and  threaded;  then,  after  the  die 
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leaves  the  work,  the  turret  is  revolved,  the  support  is  brought  into 
position  and  the  stock  is  fed  out  and  gaged  to  length  by  the  stop  H, 
The  spindle  is  left  running  backwards  and  the  tool  Gi  forms  the  part 
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Omok  Attaohment  ns«d  in  Oonnsotlon  with  th«  Arrmafmmnt 
for  Snpportlnv  Lonff  Work  shown  In  Flff.  O 


c.  After  the  form  tool  Ox  has  finished  its  work,  a  knurl-holder,  not 
shown  in  the  illustration,  travels  over  the  work  and  knurls  the  ends. 
The  cut-off  tool  O  severs  the  finished  piece  from  the  bar,  at  the  same 


Fl«.  8. 


Ck>mbtnatton  Stop  and  Support  nsed  In  Arrnnff«m«nt  for 
Supportlav  Long  Work  shown  tn  Fig.  0 


time  forming  the  part  h  of  the  next  piece.  The  support  can  be  with- 
drawn after  knurling,  or  left  in  position  until  the  piece  is  cut  off, 
when  the  turret  is  revolved  and  the  piece  drops  out. 
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Arrancrement  of  Circular  Tools 

When  applying  circular  tools  to  the  Brown  A  Sharpe  automatic 
screw  machines,  the  arrangement  of  the  tools  has  an  important  bear- 
ing on  the  results  obtained.  The  various  ways  of  arranging  the  cir- 
cular tools,  with  relation  to  the  rotation  of  the  spindle,  are  shown  at 
A,  B,  C,  and  D,  Fig.  9.  These  diagrammatical  views  are  to  be  con- 
sidered as  being  seen  looking  from  the  turret  towards  the  face  of  the 
chuck.  The  arrangement  at  A  gives  good  results  for  long  forming  on 
brass,  steel  or  gun-screw  iron,  for  the  reason  that  the  pressure  of  the 
cut  is  downward  and  hence  the  work  is  supported  and  held  more 
rigidly  than  when  the  form  tool  is  turned  upside  down  on  the  front 
slide  as  shown  at  B;  here  the  stock  turning  up  towards  the  tool  has 
a  tendency  to  lift  the  crOss-slide,  causing  chattering;    therefore,  the 
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arrangement  shown  at  A  is  recommended  when  a  high  finish  is  de^ 
sired.  The  arrangement  at  B  works  satisfactorily  when  forming  short 
steel  pieces  which  do  not  require  a  high  finish,  as  it  allows  the  cut- 
tings to  drop  clear  of  the  work,  and  also  allows  a  good  supply  of  oil 
to  reach  the  tools.  This  arrangement  gives  good  results  when  mak- 
ing screws  when  the  form  and  cut-off  tools  operate  after  the  die,  as 
no  time  is  lost  in  reversing  the  spindle.  The  arrangement  at  C  is 
recommended  for  heavy  cutting  on  large  work,  when  both  tools  are 
used  for  forming  the  piece;  a  rigid  support  is  then  necessary  for  both 
tools  and  a  good  supply  of  oil  is  also  required.  The  arrangement  at 
D  is  objectionable,  and  should  be  avoided,  being  used  only  when  a 
left-hand  thread  is  cut  on  the  piece,  and  when  the  cut-off  tool  is  used 
on  the  front  slide,  leaving  the  heavy  cutting  to  be  performed  from  the 
rear  slide.  In  all  "cross-forming"  work,  it  is  essential  that  the  spin- 
dle be  kept  in  good  condition,  and  that  the  collet  or  chuck  have  a 
parallel  contact  upon  the  bar  which  is  being  formed. 
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OALOXJLATIONS  FOR  FORMING  TOOLS 

In  the  making  of  spherical  head  screws  or  other  spherical  work,  the 
circular  form  tool  is  generally  used  for  forming  part  of  the  head,  leav- 
ing the  part  attached  to  the  bar  to  be  finished  by  the  cut-off  tool. 
This  method  has  become  general  practice  on  the  Brown  A  Sharpe  auto- 
matic screw  machines  and  has  proved,  without  a  doubt,  to  be  the  most 
economical  and  efficient  method  of  performing  operations  of  this 
description.  In  order  to  produce  the  best  results  by  the  above  method, 
the  radius  of  the  cut-off  tool  should  be  struck  off  in  "advance"  of  the 
edge  of  the  tool,  as  will  be  described  later;  otherwise  a  result  will  be 
produced  as  shown  at  a,  Fig.  12,  a  ridge  being  formed  on  the  head. 
The  circular  form  tool  should  be  designed  first,  and  should  be  made 
so  that  the  circular  cut-off  tool  will  have  as  little  as  possible  to  form 
when  cutting  the  piece  from  the  bar.  The  amount  that  the  form  tool 
reduces  the  bar,  as  shown  at  &,  Fig.  12,  is  governed  by  the  operations 
following  the  forming  cut.  If  heavy  cuts  are  taken,  the  part  h  should 
be  strong  enough  to  resist  the  twisting  action  produced;  therefore,  it 
is  not  always  advisable  to  cut  a  thread  (especially  if  it  be  of  coarse 
pitch)  after  the  piece  has  been  considerably  reduced  by  the  form  tool 

In  designing  the  form  tool,  there  are  certain  dimensions  which  must 
be  derived  by  calculation.    Referring  to  Fig.  10: 

D 

Let  r  =  radius  of  stock  ^  — , 

2 

i2  =  radius  of  head  of  screw  or  piece, 
Di  =  distance  from  axis  of  head  to  point  of  tool, 
D  =  diameter  of  head  of  piece, 
T= thickness  of  head, 
ri  =  radius  of  body  of  screw  or  piece, 
0  =  the  dimension  required  to  be  found  by  calculation. 
Then  0='sj  R'  —  D?— {R  —  T). 

For  example,  let  r  =  0.175  inch,  /2  =  0.178  inch,  Di  =  0.062  inch. 
r=:  0.156  inch. 
Then  0=^/  0.178»  — 0.062'—  (0.178  — 0.156)  =0.145  inch. 
Assume  further  that  a  form  tool  is  to  be  made  to  form  a  piece  as 
shown  in  Fig.  10;  r  =  0.175  inch;  r^  =0.043  inch;  then  assume  the 
largest  diameter  ±  of  the  form  tool  to  be  1.750  inch;  the  diameter  B 
will  then  be: 

A  —  2(D»  — rj  =  1.750  —  2(0.062  —  0.043)  =  1.712  inch,  and  the 
diameter  C  will  be: 
A  —  2(r  — n)  =  1.750  —  2(0.175  —  0.043)  =  1.486  inch. 
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In  the  above  calculations  the  "cut-down"  below  the  horizontal  cen- 
ter line  is  not  taken  into  consideration  when  finding  the  various  diam- 
eters, but  if  the  forms  produced  require  to  be  accurate,  the  differences 
should  be  calculated.  This  question  will  be  treated  further  on  in  this 
chapter. 

The  feed  of  the  circular  cut-off  tool  should  be  decreased  at  the  end 
of  the  cut,  so  as  to  leave  as  small  a  teat  as  possible  on  the  work.  The 
teat  varies  according  to  the  radius  of  the  formed  piece,  the  size  of 
the  piece,  and  the  nature  of  the  material.  It  is,  therefore,  impossible 
to  specify  any  exact  size  of  teat,  but  the  results  of  a  few  experiments 
would  not  be  out  of  place  here,  as  they  will  give  a  fair  idea  of  the 
sizes  of  teats  left  on  various  classes  of  work.  The  teat  left  on  small 
brass  screws  varies  from  0.010  inch  to  0.025   inch  in  diameter;    on 
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small  screws  made  from  gun-screw  iron  from  0.012  inch  to  0.030  Inch; 
on  small  steel  screws  from  0.015  inch  to  0.035  Inch.  A  good  method 
of  overcoming  great  variations  in  the  size  of  the  teat,  is  to  make  the 
angle  of  the  cut-off  tool  similar  to  the  enlarged  view  shown  at  6,  Fig. 
11,  where  the  flat  portion  should  be  half  the  thickniess  of  the  cut-off 
tool  blade.  This  method  tends  to  decrease  the  pressure  on  the  piece, 
thus  preventing  it  from  breaking  off  too  soon. 

As  previously  stated,  the  radius  on  the  cut-off  tool,  if  not  struck  off 
in  "advance"  of  th6  edge  of  the  tool,  will  give  a  result  as  shown  at  a. 
Fig.  12.  There  will  be  a  mark  left  on  the  head  where  the  form  tool  . 
finishes  cutting,  because  the  screw  breaks  off  from  the  bar  before  the 
point  of  the  tool  has  reached  the  center,  and  consequently  the  correct 
form  on  the  piece  has  not  been  obtained.  It  is  therefore  necessary 
(especially  for  small  radii)  to  use  the  method  termed  "laying  off  the 
radius  in  advance"  of  the  cutting  edge  of  the  tool.  This  method  is 
clearly  shown  in  Fig.  11,  where  d  is  the  distance  the  center  Is  In  ad- 
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vance  of  the  point  of  the  tool.  Then,  to  determine  the  dimensions  of 
the  tool,  take  any  approximate  dimension  D*as  required,  and  also  take 
any  angle  which  will  suit  the  radius  of  the  tool,  and  cut  away  that 
portion  of  the  tool  which  is  not  required  for  forming.  In  order  to 
determine  the  dimension  X  (see  Fig.  11)  it  will  be  necessary  to  make 
the  following  calculations: 

180  deg.— ^ 
A  = 


^=90  deg.— ^ 
P=A  — ^ 
Then  o  =  rx  cos  4>;  fl'  =  axtan  /9;  B=D  — H; 
y=BXcot  $;  X  =  y-ha  — d;  C  =  D^h; 
h=rr — >/r" — d*. 


MatMmeryjr.T, 


Flc.  11*    Dla«nun  for  D*t«rmlBlair  Dlm^natona  of  Oircixl»r  Ont-oft  Tool 
wbioh  forma  P«rt  of  »  8ph«rlo»l  Sorow  Hoad 

Where  h  works  out  to  less  than  0.002  inch,  it  can  be  disregarded  for 
all  practical  purposes. 

For  example,  let  I>  =  0.2343  inch;  r  =  0.175  inch;  0  =  45  deg.;  d  = 
0.021  inch. 

180**  — 45' 

Then  A = =67°  30'. 

2 

>  =  90'»  — ^  =  45^ 
/J  =67°  30'  — 45°  =  22*'  30'. 
a  =  0.175  X  cos  45°  =:  0.1237. 
H=0Xtan  22°  30' =  0.0512. 
B  =  0.2343  —  0.0512  =  0.1831. 
y=:  0.1831  X  cot  45°  =  0.1831. 
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X  =  0.1831  -h  0.1237  —  0.021  =  0.2858. 

;i  =  r  —  >/r»  — d'  =  0.175  —  0.1737  =  0.0013. 
Therefore,  in  this  case,  for  all  practical  purposes,  the  dimension  C 
would  equal  the  dimension  D,    When  the  largest  diameter  of  the  cir- 
cular tool  is  2.250  inch,  the  diameter  of  the  tool  at  point  E  will  be 
2.250—  (0.2858  X  2)  =1.6784  inch. 

Ansrle  on  Blade  for  Cuttinsr-off  Various  Materials 
The  object  of  the  angle  at  the  point  of  a  cut-off  tool  (see  angle  a. 
Fig.  13)  is  to  reduce  the  teat  on  the  end  of  the  work  by  minimizing 
the  cutting  pressure  which  becomes  greater  as  the  angle  that  the  tool 
edge  makes  with  the  work  decreases.  Therefore,  as  the  material  be- 
comes harder,  the  angle  on  the  tool  may  decrease,  since  the  material 


Flflr.  la.  8pta«rto«l  8cr«w  Head 
formed  by  Oomblnatton  of  Form- 
tag  and  OntH>tf  Tools 


Flff.  18.  DlAfframataow- 
Ixkff  Dtmenslons  of  OlroulAr 
Oat-otf  Tools 


will  Stand  more  pressure  before  breaking.  It  is  obvious,  therefore, 
that  certain  angles  are  better  suited  for  the  various  kinds  of  materials 
than  others.  The  values  given  in  Table  I  have  been  found  to  give 
good  results  on  the  materials  specified. 

Thickness  of  Blade  on  Cut-off  Tools 

The  thickness  of  the  blade  is  an  important  point  in  the  design  of 
circular  cut-off  tools.  It  is  governed  by  the  angle  on  the  edge  of  the 
tool  and  also  by  the  diameter  and  hardness  of  the  material  being  oper- 
ated upon.  It  is  obvious  that  a  circular  tool  with  an  acute  angle 
(about  23  degrees)  and  a  narrow  blade  would  not  work  satisfactorily 
on  hard  material,  aa  the  blade  would  not  stand  the  cutting  pressure 
and  would  bend,  producing  a  concave>  surface  on  one  end  of  the  piece 
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The  value  of  r  (the  radius  to  obviate  cracking  in  hardening)  for 
standard  circular  cut-off  tools  for  cutting  off  various  diameters  of 
stock  is  as  follows: 

From  1/8  to  3/8  inch  diameter  =  1/32  inch, 

From  3/8  to  3/4  inch  diameter  =  1/16  inch, 

From  3/4  to  1      inch  diameter  =  3/32  inch. 


Fl«.  14.    DiMrr^Bi  ohowinff  DlmMi-  Flff.  16.  lUoatratlon  ohowinff  »  Oaa« 

•tons  ot01r<ml*rOat-off  Tool  when  It  wh«r«  »  OaVoff  Tool  with  Inor«aa«d 

Is  nssd  both  (or  outtlnff-off  and  form-  Thicknsss  of  Blsds  Is  rsqnlrsd 
inv  part  of  ths  Work 

The  actual   length  of  the  blade   on   cut-off  tools   is  found   by   the 
formula: 

L=iR-{-x-\-r-\-\/Z2, 
where  L=:  actual  length  of  blade  in  inches, 
ie  =  radius  of  stock  in  inches, 
07  =  dimension  as  shown  in  Fig.  13, 

r=  radius  to  obviate  cracking  while  hardening,  as  shown  in 
Fig.  13. 
For  example,  let  D  =  3/8  inch;  a  =  20  degrees. 


Then  T 


Id  X  cot  a  lo. 


875  X  2.747 


X  0.14  =  0.082  inch. 


8  N  8 

L  =  i2-t-a?+-r  +  1/82,  where R  =  0.1875;  a?  =  tan  20^*  X  0.082  = 
0.864  X  0.082  =  0.0298;  r  =  1/82  inch. 

Therefore,  L  =  0.1875  +  0.0298  +  0.0312  +  0.0312  =  0.2797  inch. 
The  thickness  of  the  cut-off  tool  blade,  and  the  value  of  x  and  2x 
are  tabulated  in  Table  I.  The  above  formula  is  applicable  when  the 
cut-off  tool  does  not  form  the  stock.  It  will  ^be  necessary  to  change 
the  formula  somewhat  when  calculating  the  thickness  of  blade  when 
the  tool  is  used  for  partly  forming  th^^  work,  as  shown  in  Fig.  14. 
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When  Cut-off  Tool  Forms  Stock 

When  the  cut-off  tool  is  used  to  form  the  end  of  the  stock,  as  shown 
at  Fig.  14,  the  following  formula  is  used  for  finding  the  thickness  of 
the  blade: 


-^ 


D  X  cot  o 


X  0.17, 


in  which  T  =  thickness  of  blade  on  cut-off  tool  in  inches, 
D=^  diameter  of  end  of  piece  in  inches, 
a  =  angle  on  edge  of  tool  blade  (see  Fig.  14). 
The  actual  length  of  the  cut-off  tool  blade  =  ft  -f  ar  -f  0.005  inch, 

in  which  ft  =  radius  on  end  of  piece  in  inches, 
r  =  dimension  as  shown  in  Fig.  14. 


R£Afl8U0C 


Ftff.  le. 


01r<ml»r  Form  Tools  aad  Holders  shoirlnfr  IjOoMlon  of  0«nt«r 
of  Tool  In  Bol»tlon  to  0«Bt«r  of  Pl«oo  being  foiin«d 


The  dimension  0.005  inch  is  the  clearance  to  pass  the  center. 
To  find  the  value  of  x  multiply  T  by  tan  a  as  before. 
For  example,  let  D  =  0.250  inch,  a  =  20  degrees. 


Then  T 


-\ 


0.250  X  oot  *^0^ 


X  0.17  =  V  0.i37a  X  0.17  =  0.068 


I/  =  R  -h  a?  +  0.005,  where  ft  =  0.125  inch;  x  =  0.063  X  tan  20**  = 
0.023  inch. 

Then  L  =  0.125  +  0.023  +  0.005  =  0.153  in6h. 

In  cases  where  pieces  are  being  made  similar  to  that  shown  in  Fig. 
15,  in  which  the  tapped  hole  a  passes  through  the  piece,  the  blade  on 
the  cut-oft  tool  should  be  of  sufficient  width  to  remove  the  portion 
taken  up  by  the  chamfer  on  the  tap.  Otherwise,  if  the  blade  is  too 
narrow,  the  hole  h  will  extend  part  way  into  the  next  piece  to  be  made. 
Then,  if  the  drill  had  a  tendency  to  run  eccentric,  the  centering  tool 
would  not  remove  the  eccentric  hole  thus  formed  by  the  drill,  which 
would  result  in  the  drill  running  out,  and  finally  in  the  breaking  of 
the  tap  before  many  pieces  would  be  completed. 
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The  amount  of  chamfer  required  on  taps  for  various  pitches  is  as 
follows: 

Prom  14  to  24  threads 2%  threads. 

From  26  to  32  threads 3  threads. 

From  36  to  48  threads 4  threads. 

From  56  to  80  threads 5  threads. 

When  the  thickness  of  the  blade  as  derived  by  the  formulas  is  not 
equal  to  the  amount  required  for  the  chamfer  on  the  tap,  the  thick- 
ness of  the  blade  must  be  increased. 

Periphery  Clearance 

To  provide  for  sufficient  periphery  clearance  on  circular  tools,  the 
center  of  the  tool  is  located  a  certain  amount  above  or  below  the  cut- 


-^H 


MaaUm€rwjr.T. 


Flff.  17.    DUi^am  ahowlnff  Principal  Dtmenstons  of  Olroular  Form  Tools 

ting  edge,  as  shown  in  Fig.  16.  The  hole  h  in  the  tool  holders  Is 
raised  or  lowered,  depending  on  the  position  of  the  tools  and  the  direc- 
tion in  which  the  spindle  is  rotating.  The  block  a  is  provided  for 
raising  or  lowering  the  hole  in  the  tool  holder.  Raising  or  lowering 
the  cutting  edge  of  the  tool  relative  to  its  center,  changes  the  clear- 
ance  angle  A  and  also  changes  the  form  produced  with  the  same  tooL 
Clearance  angles  and  the  relation  of  the  holes  in  the  toolposts  to  the 
center  of  the  spindle  are,  therefore,  points  which  require  careful  con- 


Digitized  by  VjOOQ  IC 


CALCULATIONS  FOR  FORMING  TOOLS 


19 


sideration.  With  a  given  material,  the  larger  the  diameter  of  the 
work,  the  greater  the  clearance  angle  required.  With  the  same  dimen- 
sion C,  Fig.  16,  a  small  tool  diameter  causes  a  greater  clearance  angle 
than  a  large  diameter.  The  maximum  diameter,  D,  the  cut-down  below 
the  center,  C,  the  width  of  the  cut-off  tool,  W,  and  the  size  of  tapped 
hole,  B,  as  shown  in  Fig.  17,  are  tabulated  in  Table  II,  for  the  various 
sizes  of  Brown  A  Sharpe  automatic  screw  machines. 

Calculatinsr  tbe  Diameter  of  Circular  Tools 

Locating  the  cutting  edge  of  the  tool  below  the  center  changes  the 
form  produced  on  the  work.  On  account  of  this,  the  actual  difference 
of  diameters  on  the  piece  of  work  cannot  be  used  for  the  measure- 
ments on  the  forming  tool.  If  the  dimension  A,  shown  in  Fig.  17,  on 
the  piece  to  be  formed,  is  transferred  to  the  form  tool  and  then  the 
tool  cut  below  the  horizontal  center  line,  as  shown  at  C,  it  would  make 
the  dimension  A  on  the  piece  greater  than  required.  Therefore,  It  is 
evident  that  a  certain  amount  must  be  subtracted  from  the  dimension 
A  on  the  work  to  find  dimension  a  on  the  circular  tool.      A  general 

TABUI II.    DIMSM8ION8  RBQUIBBD  FOR  DBSIONINa  FORIONG  TOOLS  FOB 
B.  A  8.  AUTOMATIO  SORBW  MAOHINBS  (S«e  Flff.  17  for  Notation  Used) 


Na  of  Machine 

D 

C 

B 

W 

00 

If 

i 

1-10 

i 

0 

2i 

A 

4-14 

A 

2 

8 

i 

i-15i 

t 

formula  may  be  deduced  by  the  aid  of  geometry,  by  which  the  various 
diameters  on  the  forming  tool  can  be  determined,  when  the  largest  or 
smallest  diameter  of  the  tool,  the  amount  that  the  cutting  edge  is 
below  the  center,  and  the  diameter  on  the  piece  to  be  formed,  are 
known. 
Let  22  =  largest  radius  of  tool  in  inches, 

A  ==  difference  in  radii  of  Steps  on  the  work, 
C^  amount  cutting  edge  is  below  the  center  in  inches, 
r  =  required  radius  in  inches. 
Then: 

r=s/  {V~R'  —  C—Ay-\-C*  (1) 

If  the  smaller  radius  r  is  given  and  the  larger  radius  R  is  required, 
the  formula  would  be: 

R  =  sJ  (  vr^— (7*  + A)'  +  C«  (2) 

Assume  that  it  is  required  to  make  a  circular  form  tool  to  be  used 
on  the  No.  0  Brown  &  Sharpe  automatic  screw  machine  for  forming 
the  piece  shown  in  the  lower  view  in  Fig.  17,  the  diameters  Q  and  H 
to  be  formed  by  the  tool.  By  referring  to  Table  II  it  will  be  seen 
that  the  largest  diameter  should  be  2^  inches,  and  that  the  cutting 
edge  is  5/32  inch  below  the  horizontal  center  line.    Half  the  diameter 
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E,  Fig.  17  (or  radius  r),  Is  then  found  from  Formula  (1),  by  insert- 
ing the  given  values. 

R  =  ll/S;  C  =  5/32;  assume  that  A  =  1/8. 

Then 

\/  (  l/Htt- i)' +  xfh  =  1.0014 inch. 

The  value  of  r  is  thus  found  to  be  1.0014  inch  and  diameter  E  will 
then  be  2  times  this  or  2.0028  inches  instead  of  2  inches  exactly,  as 
would  have  been  the  case  if  the  cutting  edge  had  been  on  the  center 
line.  The  formula  may  seem  rather  complicated,  but  when  applied  to 
circular  tools  used  on  the  Brown  &  Sharpe  automatic  screw  machines 
it  can  be  simplified  by  inserting  the  values  for  R  and  C,  these  being 
constant  for  each  size  of  machine.  The  formula  would  then  take  the 
following  form: 

No.  00  Brown  &  Sharpe  automatic  screw  machine: 

r=|/  (0.866  — A)" +  0.0156  (3) 

No.  0  Brown  &  Sharpe  automatic  screw  machine: 

r=>y  (1.114  — A)* +  0.0244  (4) 

No.  2  Brown  A  Sharpe  automatic  screw  machine: 

r=:>/  (1.479— A)»  + 0.0625"  (5) 

Top  Bake 

Most  circular  form  tools  are  made  without  top  rake,  that  is,  they 
have  the  cutting  edge  in  a  horizontal  plane  when  cutting,  as  shown 
in  Fig.  17;  tools  made  in  this  manner  are  best  suited  for  cutting 
brass,  but, do  not  work  entirely  satisfactorily  on  tougher  and  harder 
metals,  as  the  (^ip,  instead  of  being  cut  away,  is  scraped  off,  this 
action  destroying  the  cutting  edge  very  fast.  Form  tools  for  steel 
should,  therefore,  be  provided  with  top  rake,  as  shown  in  Fig.  18.  The 
amount  of  top  rake  that  should  properly  be  used  on  circular  tools  for 
different  materials  varies  from  0  to  18  degrees.  Under  general  condi- 
tions the  following  angles  are  suggested  as  most  suitable: 

Material  Angle  of  Top  Rake^ 

Degrees 

Rod  brass   0 

Drill  rod  and  tool  steel 8  to  10 

Gun-screw  iron    12 

Machine  steel    15 

Norway  iron   18 

When  top  rake  Is  ground  on  a  circular  form  tool,  as  shown  in  Fig. 
18,  the  calculations  for  the  diameters  must  be  accordingly  changed.  In 
Fig.  18  the  case  is  shown  exaggerated  in  order  to  be  able  to  show 
clearly  the  various  dimensions  involved.  To  find  the  diameters  of  a 
form  tool  made  in  this  manner,  proceed  as  follows: 

First  find  radius  R^  which  would  be  the  actual  radius  if  the  tool 
were  merely  cut  down  the  required  amount  C  below  the  center  of  the 
tool,  but  had  no  top  rake.     Then  the  radius  R^  of  the  tool,  required 
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when  top  rake  is  given,  must  be  found.    In  order  to  explain  thb  pro- 
cedure clearly  we  will  assume  a  practical  example.    Let  /2  =  1V6  Inch, 
C  =  5/32  inch.  D   (see  Fig.  18)=    9/16  inch,  A  =  5/16  inch.     Then 
A  =  1/8  inch. 
First  find  R^  hy  means  of  Formula  (1)  or  (4): 

R^  =  >/l  rUT—  0.125 )»  +  0.0244  =  1.00126  Inch. 
The  next  step  will  be  to  find  dimension  B: 

B  =  >/i2«  —  C»  — A  =  1.114  — 0.125  =  0.989  Inch. 
The  next  step  is  to  find  dimension  h  and  as  the  tool  is  to  cut  ma- 
chine steel,  angle  9  is  15  degrees. 

Then: 

fc  =  il  X  tun  15  deg.  =  %  X  0.26794  =  0.03349. 


Flff.  18.    DtAgTMn  for  CMculatlBff  Form  Tools  haylnir  Top  R«k« 

This  gives  us  the  distance  from  the  center  of  the  work  to  the  point 
where  radius  -R,  intersects  the  face  of  the  cutting  edge.  Now  R^  may 
be  found: 

R^  =>/B»-h  (C-h  A)'  =  i/~0r989«  +  0.i8974^  =  1.007  inch. 

Radius  Rt  would  be  a  fairly  approximate  dimension  for  the  tool 
when  the  diameters  of  the  tool  and  work  are  nearly  of  the  same  size, 
and  when  the  angle  B  is  comparatively  small.  As  the  difTerence  be- 
tween the  diameters  of  the  tool  and  work  increases,  the  diameter  of 
the  work  being  small  in  comparison  with  the  diameter  of  the  tool,  it 
is  necessary  to  find  the  theoretically  correct  radius  R^.  To  do  this  first 
find  r,: 
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ri=:v^r"  +  fc'=  v/(9/32)*-f0.0335»  =  0.2832  inch. 
We  have  further  that  a=zr^  —  r,  and   6  =  o  x  cos  ^.     Also  c=^aX 
Bin  0,    Then  JB7  =  B-h&.    Having  obtained  these  dimensions  we  have: 


R,=iy  (c-e/i  — c)»-f  ^ 

Inserting  the  actual  values  in  the  formulas  jiist  given,  we  have: 

9 

o  =  0.2832 =  0.00195, 

32 

5  =  0.00195  X  cos  15°  =0.00188, 

c  =  0.00195  X  sin  15°  =0.00051, 

JE; =0.989  -f-  0.00188  =  0.99088, 
«,  =  Vl).18923"'  4-l).99088^=  1.0088   inch. 

The   found   value  of  I?,   is   the  required   radius   of  the   tool.    This 
radius  ia  about  0.0075  inch  greater  than  the  radius  Rx,    The  procedure 


Flff.  19.    Side  CQettnuio*  on  Oiroolar  Tools 

may  appear  difficult  at  first  sight,  but  a  few  examples  in  practice  will 
make  the  user  familiar  with  it. 

While  the  angle  of  top  rake  as  given  is  suitable  for  cutting  the  ma- 
terial specified,  the  distance  C  as  given  in  Table  II  for  the  various 
machines  is  only  suitable  when  cutting  brass  and  drill  rod  and  does 
not  give  sufficient  peripheral  clearance  when  cutting  Norway  iron  and 
soft  machine  steel.  The  arrangement  shown  at  C  in  Fig.  9  should  be 
adopted  when  these  materials  are  cut,  as  the  centers  of  both  the  form 
and  cut-ofP  tools  can  then  be  raised  as  compared  with  the  usual 
arrangement.  This  raising  of  the  center  is  accomplished  by  putting 
packing  strips  of  the  required  thickness  under  the  tool-holder  blocks. 

Side  Clearance  on  Circular  Tools 
The  question  of  side  clearance  is  a  subject  which  few  authorities 
seem  to  agree  upon.      Some  advocate  a  great  deal  of  side  clearance, 
others  only  a  slight  amount,  and  still  others,  no  clearance  at  all;   in 
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fact,  some  go  as  far  as  to  say  that  a  cut-off  tool  should  be  about  0.0015 
inch  narrower  at  the  point  than  at  the  back.  The  greatest  trouble 
with  tools  heating  up  and  welding  is  not  to  be  attributed  to  insuffi- 
cient side  clearance  only,  but  to  the  quality  of  oil  or  other  cooling 
lubricant  used.  It  has  been  demonstrated  that  if  a  poor  grade  of  oil 
is  used  and  the  tools  made  without  side  clearance,  welding  will  surely 
occur;  but  take  the  same  tools  and  use  a  good  quality  of  lard  oil,  and 
the  tools  will  run  for  days  without  welding.  The  writer  admits  that 
there  are  some  cases  in  which  side  clearance  is  necessary,  but  the 
clearance  should  not  be  given  as  shown  at  a,  Fig.  19,  as  this  is  not 
side  clearance,  but  merely  provision  for  pockets  for  the  fine  chips  to 
lodge  in,  while  the  revolving  stock  forces  the  chips  in  and  also  tries 
to  draw  them  out;  and  when  a  chip  is  draVn  out,  it  leaves  a  rough 
finish  on  the  end  of  the  piece,  and  sometimes  breaks  the  tool. 


Flff.  90.    Out-off  Tool  with  81d«  OlMtfano« 

When  side  clearance  is  necessary,  and  when  the  width  of  the  slot 
is  not  important,  a  tool  as  shown  in  Fig.  20,  where  each  section  A  of 
the  tool  is  finished  helically  on  each  side,  provides  for  excellent  clear- 
ance. This  tool  is  specially  adapted  for  cutting  vulcanite  or  fiber.  It 
can  also  be  used  to  advantage -in  cutting  a  very  soft  grade  of  iron. 
All  the  sections  are  ground,  and  when  one  becomes  dull  the  following 
section  is  brought  into  position,  and  so  on,  until  the  tool  requires 
grinding  again.  When  a  tool  is  made  without  side  clearance,  it  should 
be  ground  smooth  on  the  sides,  as  any  high  spots  on  the  face  of  the 
sides  would  cause  heating  and  welding.  A  good  grade  of  lard  oil 
should  also  be  used  if  good  results  are  to  be  expected.  When  pieces 
as  shown  at  A,  Fig.  21,  are  being  made,  the  tools  should  be  made  with- 
out side  clearance,  and  the  faces  ground  and  lapped  as  indicated.  The 
form  tool  should  be  made  in  sections  and  straddle  the  thin  portion  of 
the  piece;  it  should  remain  in  position  on  the  work  until  the  angle 
on  the  edge  of  the  cut-off  tool  is  well  into  the  stock  as  shown  at  h. 
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The  conditions  under  which  different  classes  of  work  are  made  and 
the  kinds  of  materials  used  vary  to  such  an  extent  that  it  is  impos- 
sible to  give  any  definite  rules  for  the  speed  of  the  spindle  or  the  feed 
of  the  tools,  and  whatever  is  said  here  is  only  by  way  of  suggestion. 
The  maximum  speeds  obtainable  on  the  various  Brown  &  Sharps  auto- 
matic screw  machines  are  as  follows:     On  the  No.  00  machine  the 
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Wig.  21 .  Olroular  Form  Tool  with- 
out 8id«  01« 


Piff .  22.  Wlr«  Method  emploFad  for  ICeaa- 
xaing  Olroular  Form  Toola 

maximum  spindle  speed  is  2400  R.P.M.  and  the  maximum  diameter  of 
stock  that  can  be  turned  is  5/16  inch;  this  gives  a  maximum  surface 
speed  of  197  -feet  per  minute.  On  the  No.  0  machine  the  maximum 
spindle  speed  is  1800  R.P.M.  and  the  maximum  diameter  that  can  be 
turned  is  %  inch,  giving  a  maximum  surface  speed  of  294  feet  per 
minute.  On  the  No.  2  machine,  the  maximum  spindle  speed  is  1200 
R.P.M.  and  the  maximum  diameter  that  can  be  turned  is  %  inch, 
giving  a  maximum  surface  speed  of  275  feet  per  minute.  It  can  be 
easily  seen  that  the  greatest  surface  speed  (294  feet  per  minute)  is 
rather  high  for  ordinary  carbon  steel  tools  even  when   working  on 
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are  commonly  used  for  cutting-off  purposes)  admit  of  coarser 
feeds,  as  a  rule,  than  either  wider  or  narrower  tools.  Thus  the  feed 
decreases  as  the  tool  decreases  in  thickness  to  1/16  inch,  except  for 
small  diameters,  and  increases  from  3/32  to  3/16  inch.  From  1/4  inch 
up.  the  feed  must  again  be  decreased  to  glTe  satisfactory  results.  For 
cutting-off  purposes  the  feed  varies  from  0.0008  to  0.0025  inch,  depend- 
ing on  the  nature  of  the  material,  the  surface  speed,  and  the  width  of 
the  tool.  The  feeda  for  machine  steel,  gun-screw  iron  and  Norway  iron 
should  be  less  than  the  feed  used  for  brass.  The  feed  used  in  cutting 
ofT  Shelby  steel  tubing  should  not  exceed  0.001  inch  per  revolution;  a 
surface  apeed  as  high  as  125  feet  per  minute  can  be  used  with  good 
results,  when  using  tools  made  from  Styrian  special  steel. 

Coolinff  and  Lubricating  Mediums 

A  proper  cooling  and  lubricating  medium  is  essential,  if  good  results 
are  to  be  expected.  As  previously  stated,  if  a  proper  cooling  and 
lubricating  medium  is  not  used,  welding  and  excessive  hei^ting  of  the 
tools  and  work  will  result.  There  are  various  compounds  on  the 
market,  some  of  them  giving  good  results  on  certain  classes  of  work, 
depending  on  the  conditions  under  which  they  are  used.  Oil  is  used 
to  advantage  in  cutting  internal  and  external  threads,  where  friction 
plays  a  very  important  part,  but  when  cutting  threads  at  high  speeds, 
a  cooling  material  largely  comtK)sed  of  water  is  spmetimes  used.  Oil 
will  not  conduct  away  the  heat  generated  at  high  cutting  speeds  as 
rapidly  as  some  of  the  special  cooling  compounds,  because  oil  is  more 
sluggish  in  penetrating  to  the  point  of  the  tool,  where  the  chip  is  being 
cut  or  torn  from  the  work.  The  writer  would,  however,  advise  that  a 
good  grade  of  lard  oil  be  used  on  screw  machines  in  preference  to  all 
other  compounds  or  other  poorer  grades  of  screw  cutting  oil  for  the 
following  reasons:  1.  The  speeds  used  are  comparatively  low.  2.  A 
good  supply  can  be  furnished  to  the  cutting  edges  of  the  tools.  3.  Cir- 
cular tools  can  be  used  without  side  clearance  and  yet  give  satisfactory 
results.  4.  Good  lard  oil  does  not  gum  up  the  machines  or  cause  rust- 
ing of  the  operating  parts,  as  would  be  the  case  if  cooling  mediums 
composed  of  x^ater  and  compounds  were  used.  The  lard  oil  used 
should  be  thin  and  not  sluggish. 


Digitized  by  VjOOQ  IC 


CHAPTER  IV 


MAKING  OIBOniiAR  FORMING  TOOLS 

The  conditions  under  which  the  work  is  produced  should  determine 
the  steel  to  he  used  in  making  the  circular  tools,  i.  e.,  if  the  piece  to  be 
made  is  of  a  very  difficult  shape,  requiring  sharp  or  thin  projections  on 
the  tool,  a  grade  of  steel  should  be  used  which  would  not  require  a  high 
heat  to  harden,  as  the  thin  projections  are  liable  to  become  burnt  or 
cracked  while  hardening.  A  brand  of  steel  which  has  been  found  to 
give  good  satisfaction  in  such  cases  is  Bohler's  Gold  Label  Styrian 
steel;  this  steel  holds  a  fine  edge  satisfactorily  and  alao  gives  a  very 
smooth  finish  to  the  work;  it  is  especially  adapted  for  cutting  brass. 
Care  should  be  exercised  in  hardening  this  steel,  as  it  hardens  at  a 
very  low  heat.  Various  other  grades  of  special  carbon  and  highspeed 
steel  are  used  on  screw  machines,  among  which  are  the  following: 
Jessops  steel.  Novo  high-speed  steel,  Bluenihip  steel  and  Saben  steel. 
Some  of  these  kinds,  especially  Noro,  give  good  results  when  high  cut- 
ting speeds  and  feeds  are  used.  Novo  steel  is  frequently  used  for 
cutting  machine  steel  and  Norway  iron,  as  it  will  stand  a  higher  speed 
and  a  coarser  feed  than  Styrian  steel,  but  when  a  high  finish  is 
required,  Styrian  steel  should  be  used  in  preference. 

Metbods  of  Maklnff  Circular  Tools 

In  designing  circular  tools,  the  methods  of  making  them  should  be 
carefully  considered,  and  when  possible,  the  contour  of  the  tool  should 
be  as  simple  as  the  requirements  will  permit.  There,  are  various 
methods  employed  in  making  circular  tools  of  irregular  shape,  among 
them  being  the  transfer  scheme,  the  templet  system,  the  use  of  master 
tools,  and  of  individual  turning  tools.  For  work  requiring  a  fair 
amount  of  accuracy,  the  first  two  methods  are  not  reliable.  The  master 
tool  system  is  sometimes  advisable  when  very  difficult  shapes  are  to 
be  produced  and  when  a  lar^  number  of  tools  of  the  same  shape  are 
required.  The  writer  considers  that  where  a  few  tools  are  required, 
the  individual  turning-tool  method  is  the  cheapest  and  best,  and  that 
direct  measurements  are  more  reliable  than  either  the  transfer  scheme 
er  templet  system. 

The  Transfler  Method 

To  illustrate  what  is  meant  by  the  transfer  scheme,  refer  to  Fig.  23; 
here  a  circular  tool  and  setting  gage  are  shown  on  the  arbor  A.  The 
steps  1,  2,  3,  4,  on  the  setting  gage  correspond  with  the  various  diam. 
eters  required  on  the  circular  tool  The  setting  gage  is  turned  to 
micrometer  measurements,  and  then  copper  plated  with  blue  vitriol. 
To  transfer  the  sizes  from  the  setting  gage  to  the  circular  tool,  the 
master  tools  for  the  various  shapes  are  brought  in  uitil  they  touch  the 
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setting  gage,  and  the  reading  on  the  micrometer  collar  on  the  feed- 
screw is  noted.  The  master  tool  is  then  brought  into  position  on  the 
circular  tool  and  fed  in  the  depth  required,  as  indicated  on  the 
micrometer  collar.  The  succeeding  operations  are  continued  in  like 
manner  until  the  desired  shape  on  the  tool  is  obtained.  As  previously 
stated,  where  a  fair  amount  of  accuracy  is  required,  this  scheme  is 
not  advisable,  for  the  reason  that  if  the  feed-screw  or  slide  has  any 
lost  motion,  as  is  generally  the  case,  the  same  pressure  could  not  be 
brought  to  bear  on  the  gage,  when  setting  the  master  tool,  as  would 
be  exerted  on  the  circular  tool  when  cutting  to  the  indicated  depth; 
then  the  circular  tool  would  be  larger  in  diameter  than  the  setting 
gage. 

Templets 

Some  authorities  advocate  making  templets  which  conform  to  the 
contour  of  the  piece  to  be  made.  Considerable  skill  is  required  to  file 
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Fig.  US,    Transfer  M«thod  for  Making  OircxHmr  Worm  Tools 

complicated  templets  accurately,  as  any  error  which  might  occur  would 
be  doubled  in  the  diameters  of  the  product.  It  is  just  as  easy  to 
measure  a  circular  tool,  as  it  is  to  measure  a  templet,  and  in  the  first 
case  the  error  would  be  less,  as  the  measurement  does  not  require  to 
be  transferred.  The  writer  considers  that  when  accurate  tools  are 
required,  templets  should  be  avoided  and  direct  measurements  used 
instead. 

Master  Tools 
Master  tools  are  unnecessary,  unless  a  large  number  of  circular  tools 
of  the  same  shape  are  required.  When  master  tools  are  being  made, 
the  differences  in  diameters  due  to  the  cutting  down  below  center 
should  be  calculated,  and  the  tool  made  so  that  it  can  be  set  on  the 
center  of  the  work  when  cutting  the  circular  form  tool,  instead  of 
setting  the  master  tool  below  the  center  the  required  amount,  as  is 
advocated  by  some  authorities.  It  is  bad  practice  to  set  the  edge  of  a 
tool  much  below  the  center  of  the  work,  as  it  produces  chattering,  and 
the  material  is  removed  by^a  scraping  action  instead  of  being  cut.    In 
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the  majority  of  cases,  it  is  preferable  to  make  a  circular  master  tool 
rather  than  a  dove-tail  tool,  as  the  former  is  more  easily  measured 
and  made. 

Xiidivldual  Turning  Tools 

The  individual  turning  tool  method,  in  conjunction  with  direct  meas- 
urements, is  preferable  to  all  others,  when  only  a  small  number  of 
similar-shaped  tools  are  required.  In  Fig.  24  is  shown  a  tool-holder  A 
and  tool  B  for  forming  the  radii  for  oval  head  screws  and  other  shapes 
of  a  similar  character,  special  tools  being  inserted  in  the  tool  holder 
A,  as  required.  When  using  this  tool  for  forming  circular  cut-ofT  tools, 
as  shown  in  Fig.  11,  the  distance  a  is  set  equal  to  the  radius  of  the 
tools  B,  minus  the- amount  that  the  center  is  ahead  of  the  edge  of  the 
circular  tool.    The  radius  of  the  tool  B  is,  of  course,  made  equal  to 


Flff.  84.    Hold«r  for  8p«ol*l  Tureinir  Toola 

the  radius  required  on  the  circular  tool.    The  operating  parts  of  this 
tool  holder  are  clearly  illustrated  in  Fig.  24. 

The  operations  for  making  a  circular  tool  for  a  round-head  screw 
are  shown  at  A,  B,  C,  and  D,  Fig.  25.  The  first  operation  A  consists 
in  taking  a  cut  (about  0.005  inch)  partly  across  the  circumference, 
making  the  distance  a  equal  to  the  dimension  D,  shown  in  Fig.  11. 
Then  a  light  cut  is  taken  along  the  side  as  at  B,  making  the  distance 
b  equal  to  the  dimension  X.  The  tool  shown  in  Fig.  24  is  then  set 
square  with  the  face-plate  or  at  right  angles  to  the  centers,  and  the 
tool  fed  in  until  the  gage  C  touches  the  largest  diameter  of  the  tool, 
leaving  the  shape  of  the  tool  as  shown  at  C,  Fig.  25.  A  square  nose 
tool  is  then  set  tangentially  to  the  radius,  forming  the  angle  0,  as 
shown  in  Fig.  11.  This  square  nose  tool  removes  the  material  left 
after  the  operation  at  C,  Fig.  25,  and  leaves  the  tool  as  shown  at  D. 
The  individual  turning  tools'  used  are  concave  tools,  round  or  convex 
tools,  square  nose  tools,  and  parting  tools. 

Measurinflr  Difficult  Shapes 
When  making  circular  tools  of  irregular  contour,  shapes  difficult  to 
measure   are  sometimes   encountered.     There   are   various   tools   and 
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methods  employed  for  this.  An  appliance  to  be  used  in  connection 
with  a  micrometer  for  measuring  deep  slots  and  grooves  Is  shown  in 
Fig.  26.  The  special  measuring  pieces  A  are  fitted  to  the  anvfl  and 
spindle  of  the  micrometer,  and  when  the  measurement  is  taken,  the 
distances  B  are  subtracted,  giving  the  actual  diameter  of  the  tool.  The 
pieces  A  can  be  made  so  that  tools  of  very  difficult  shapes  can  be 


Fiff.  26.    Making  Oat-off  Toola  for  Bpherloal  Work 

measured  with  accuracy.  When  a  form  tool  straddles  a  piece,  the 
sharp  corners  produced  by  the  tool  rubbing  against  the  sides  are  fre- 
quently objectionable  and  require  to  be  removed.  A  form  tool  similar 
to  that  shown  in  Fig.  22,  is  sometimes  used  for  this  purpose.  Making 
a  tool  of  this  description  produces  a  form  difficult  to  measure  accu- 
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rately,  but  by  adopting  the  wire  method,  the  measuring  of  the  tool  is 
somewhat  simplified.    In  Fig.  22, 
Let  D  =  the  largest  diameter  of  the  tool, 

o  =  distance  from  outer  edge  of  largest  diameter  of  tool  to  bot- 
tom of  chamfer,  on  the  piece, 
tc  =  the  width  of  piece  to  be  chamfered, 
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0  =  angle  that  chamfer  makes  with  vertical  line  of  tool, 
h  =  distance  from  bottom  of  chamfer  to  apex  or  root  of  triangle, 
C  =  the  root  diameter  of  tool, 
R  =  ihe  radius  of  wir§; 

A  =  distance  from  center  of  wire  to  apex  or  root  of  triangle, 
^=:the  diameter  over  wires. 
w 
Then  5  =  —  X  cot  0;  C  =  D  — 2  (a  -f- ft) 
2 

R 

A  = ;   B  =  A  +  R;  ^  =  C-f  2B. 

sin0 

The  dimension  E  can  be  calculated  when  the  tool  is  designed,  and 
put  on  the  drawing,  also  giving  IJhe  size  of  wire  to  be  used.   When  the 

wires  are  below  the  part  e,  the  pieces  A 
shown  in  Fig.  26  can  be  used  for  finding 
dimension  E, 

As  an  interesting  example  of  the 
making  of  forming  tools,  the  following 
case  of  making  forming  tools  for  form- 
ing the  outside  angular  surfaces  of 
small  bevel  gears  on  automatic  screw 
machines  may  be  cited.  The  forming 
tool  can  best  be  made  as  shown  in  Fig. 
27.  It  consists  of  two  sections  A  and  B, 
doweled  together.  Two  fillister  head 
screws,  not  shown  in  the  illustration, 
are  also  used  for  clamping  the  sections 
together.  When  grinding  the  two  sec- 
tions, a  slight  clearance  of  about  0.002 
inch  is  allowed  between  the  parallel 
faces  at  h;  then,  when  the  tool  is  fast- 
ened in  the  tool-holder,  the  clamping 
screw  will  entirely  close  up  any  space 
at  point  a.  When  grinding  the  inside 
face  c  of  section  B,  the  angle  should  be 
somewhat  less  than  the  corresponding 
angle  on  part  A,  so  that  the  sections  will 
fit  very  tightly  at  a.  The  angular  sur- 
face at  d  takes  a  roughing  cut  on  the 
next  piece.  The  face  of  the  section  A, 
when  cut  down  below  the  center,  would 
theoretically  be  slightly  concave,  but 
the  amount  would  be  so  slight  that 
it  would  be  imperceptible,  and  of  no  account  in  practice.  When  an 
absolutely  true  taper  is  required,  a  circular  forming  toQl  cut  down 
below  the  ceifter  should  not  be  used,  but  instead  a  taper  turning  box 
tool  or  a  taper  turning  attachment,  operated  from  the  cross-slide.  A 
so-called  dove-tail  forming  tool  is  also  sometimes  found   convenient. 


JkujhimmvJf.T. 
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CALCULATION  OP  CIRCULAR  FORMING  TOOLS 

When  a  large  number  of  ci]:cular  forming  tools  are  to  be  designed, 
it  involves  a  great  deal  of  labor  to  compute  the  different  diameters 
separately.    The  usual  method  is  as  follows  (see  Fig.  28): 


Fig.  as.    Notation  used  in  Formulas  for  Forming  Tool  Oalcolations 

First  find  the  value  of  W  in  the  right-angle  triangle  BCD: 

in  which 
/e  =  radius  of  largest  diameter  of  circular  tool, 
7i  =  distance  which  the  center  of  the  tool  is  set  either  above  or 

below  the  center  line  of  the  work. 
Now,  find  the  value  of  r  in  the  right-angled  triangle  ACD: 

^=\/  iW  —  cy  +  h'' 
in  which 
c  =  one-half  the  difference  between  the  required  diameters  of  the 

work, 
r  ^  the  required  radius  of  the  circular  tool. 
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This  method  is  quite  long  and  cannot  be  materially  shortened  by 
using  a  table  of  squares.  Therefore,  anything  that  can  be  done  to  aid 
in  computing  the  different  diameters  of  circular  forming  tools  will  no 
doubt  be  appreciated.  The  purpose  of  this  chapter  is  to  show  how  to 
compute  tables  giving  the  diameters  of  circular  tools  corresponding  to 
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differences  of  one-thousandth  inch  In  the  radius  of  the  work.      Such 
tables  are  given  on  pages  34  to  37,  inclusive. 

In  Table  II,  Chapter  II,  are  given  the  dimensions  required  for  de- 
signing circular  forming  tools  for  Brown  &  Sharpe  automatic  screw 
machines.  (See  Fig.  17  for  notation  used.)  For  the  purpose  of  illus- 
tration, a  table  of  diameters  for  circular  forming  tools  for  the  No.  2 


TABLB  rv.    VALUBS  OF  r  FOB  DIFFBRBNT  VALUBS  OF  n 

n 

r 

Difference 

Radii 
forn  =  60 

Correspond- 

iiiff 

Difference 

forn»l 

2r 

Double 

Difference 

(n-l) 

0 
50 
100 
150 
200 
250 
800 
850 
400 
450 
500 

1.500000 
1.450728 
1.401498 
1.852829 
1.808224 
1.254189 
1.205284 
1.156868 
1.107608 
1.058958 
1.010486 

0.049277 
0.049225 
0.049169 
0.049105 
0.049085 
0.048955 
0.048866 
0.048765 
0.04S650 
0.048517 

0.0009855 
0.0009845 
0.0009884 
0.0009821 
0.0009807 
0.0009791 
0.0009778 
0.0009758 
0.0009780 
0.0009708 

8.000000 
2.901446 
2.802996 
2.704658 
2.606448 
2.508278 
2.400468 
2.812736 
2.215206 
2.117906 
2.020872 

0.001971 
0.001969 
0.001967 
0.001964 
0.001961 
0.001958 
0.001955 
0.001951 
0.001946 
0.001941 

machine  will  be  computed.      The  method  can  be  applied  universally, 
however,  provided  the  tools  have  no  top  rake.    The  conditions  of  the 
problem  are  shown  diagrammatically  in  Fig.  29.    The  notation  is  the 
same  as  that  used  in  Fig.  28. 
Let 

n  =^the  numbers  1,  2,  3,  4,  etc.,  successively, 

c  =  0.001  n. 
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No.  loiSCREW  MACHINE  PRACTICE 


TABL*  T.    OAljOUUkTIlVO  OIROUI.AB  FOBMIHO  TOOLS 


Number  of  B.  *  8.  Auto.  Serow 

Niim)»rofB.*8.Aato.8erair        J 

Lmcthc 

luohlno 

LMWthe 

lUchllM 

on  . 
Tool 

'Sa 

No.  00 

No.O 

NttwS 

No.  00 

No.0 

No.  2 

0.001 

1.7480 

2.2480 

2.9980 

0.061 

1.6491 

8.1490 

8.8906 

0.002 

1.7460 

2.2460 

2.9961 

0.062 

1.6471 

9.1470 

3.8975 

0.003 

1.7441 

9.2441 

2.9941 

0.068 

1.6452 

3.1451 

3.8955 

0.004 

l./r421 

2.2421 

2.9921 

0.054 

1.6482 

3.1481 

3.8986 

0.005 

1.7401 

2.2401 

2.9901 

0.056 

1.6412 

9.1411 

3.8916 

0.006 

1.7881 

2.2381- 

2.9882 

0.066 

1.6892 

2.1891 

3.8896 

0.007 

1.7362 

2.2861 

2.9862 

0.057 

1.6878 

2.1872 

3.8877 

0.008 

1.7848 

2.2841 

2.9842 

0.058 

1.6858 

2.1852 

3.8857 

0.009 

1.7822 

2.2821 

2.9828 

0.059 

1.6888 

2.1882 

3.8887 

0.010 

1.7302 

2.2302 

2.9803 

0.060 

1.6818 

2.1812 

3.8818 

0.011 

1.7282 

2.2282 

2.9788 

0.061 

1.6294 

2.1298 

3.8798 

0.012 

1.7268 

2.2262 

2.9763 

0.062 

1.6274 

2.1278 

3.8778 

0.013 

1.7248 

2.2248 

2.9744 

0.^8 

1.6264 

2.1268 

8.8768 

0.014 

1.7228 

2.2222 

2.9724 

1.6254 

2.1258 

3.8759 

0.015 

1.7208 

2.2208 

2.9704 

0.064 

1.6284 

2.1288 

3.8789 

^ 

1.7191 

2.2191 

2.9692 

0.065 

1.6215 

2.1218 

2.8719 

0.016 

1.7184 

2.2188 

2.9685 

0.066 

1.6195 

2.1194 

2.8699 

0.017 

1.7164 

2.2168 

2.9665 

0.067 

1.6175 

2.1174 

2.8680 

0.018 

1.7144 

2.2148 

2.9645 

0.068 

1.6155 

2.1154 

2.8660 

0.019 

1.7124 

2.2128 

2.9625 

0.069 

1.6186 

2.1184 

2.8640 

0.020 

1.7104 

2.2004 

2.9606 

0.070 

1.6116 

2.1115 

2.8621 

0.021 

1.7086 

2.2084 

2.9586 

0.071 

1.6096 

2.1095 

2.8601 

0.022 

1.7066 

2.2064 

2.9566 

0.072 

1.6076 

2.1075 

2.8581 

0.028 

1.7045 

2.2046 

2.9547 

0.078 

1.6057 

2.1055 

2.8561 

0.024 

1.7025 

2.2025 

2.9627 

0.074 

1.6087 

2.1085 

2.8542 

0.025 

1.7005 

2.2U05 

2.9507 

0.075 

1.6017 

2.1016 

2.8622 

0.026 

1.6986 

2.1985 

2.9488 

0.076 

1.5097 

2.0996 

2.8508 

0.027 

1.6966 

2.1965 

2.9468 

0.077 

1.5978 

2.0976 

2.B488 

0.028 

1.6946 

2.1945 

2.9448 

0.078 

1.5958 

2.0956 

2.8468 

0.029 

1.6926 

2.1925 

2.9428 

o.^Jro 

1.5955 

2.0954 

2.8461 

0.030 

1.6907 

2.1906 

2.9409 

1.5938 

2.0987 

2.8448 

0.081 

1.6887 

2.1886 

2.9889 

0.080 

1.6918 

2.0917 

2.8424 

0.42 

1.6882 

2.1881 

2.9884 

0.081 

1.5899 

2.0897 

3.8404 

1.6867 

2.1866 

2.9869 

0.062 

1.6879 

2.0877 

3.8884 

0.083 

1.6847 

2.1847 

2.9850 

0.088 

1.5859 

2.0857 

3.8865 

0.084 

1.6827 

2.1827 

2.9330 

0.084 

1.5839 

2.0888 

3.8845 

0.085 

1.6808 

2.1807 

2.9310 

0.085 

1.5820 

2.0818 

3.8825 

0.086 

1  6788 

2.1787 

2.9290 

0.086 

1.5800 

2.0798 

3.8806 

0.087 

1.6768 

2.1767 

2.9271 

0.087 

1.5780 

2.0778 

3.8286 

0.038 

1.674S 

2.1747 

2.9251 

0.088 

1.5760 

2.0759 

3.8266 

0.089 

1.6729 

2.1727 

2.9281 

0.089 

1.5740 

2.0789 

3.8247 

0.040 

1.6709 

2.1708 

2.9211 

0.090 

1.5721 

2.0719 

3.8237 

0.041 

1.6689 

2.1688 

2.9192 

0.091 

1.5701 

2.0699 

3.8207 

0.O42 

1.6669 

2.1668 

2.9172 

0.092 

1.5681 

2.0679 

8.8187 

0.048 

1.6649 

2.1649 

2.9152 

0.098 

1.6661 

2.0660 

3.8168 

0  044 

1.6680 

2.1629 

2.9188 

0.^4 

1.5647 

2.0645 

3.8158 

0.045 

1.6610 

2.1609 

2.9118 

1.5642 

2.0640 

3.8148 

0.046 

1.6590 

2.1689 

3.9093 

0.095 

1.5622 

2.0620 

3.8128 

A 

1.6578 

2.1572 

2.9076 

0.096 

1.5602 

2.0600 

2.8109 

0.047 

1.6570 

2.1569 

2.9078 

0.097 

1.5582 

2.0581 

2.8089 

0.048 

1.6550 

2.1549 

2.9054 

0.096 

1.5568 

2.0561 

2.8069 

0.049 

1.6581 

2.1529 
ii.1510 

2.9084. 

0.099 

1.5548 

3.0541 

3.8050 

0.060 

1.6511 

2.9014 

0.100 

1.5528 

2.0521 

3.8080 
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TABXJi  VX.    GAZXIUIiATINO  OIBOni.AB  FOBMIHO  TOOLS 

KwDbervf  a  *  8.  Aatow  Sci«« 

NunitarofB.*S.Aatow8ci«w        | 

iMthe 
on 

MaehiiM 

Lmsth^e 

lUchllM 

TM 

M 

NaOO 

NaO 

No.8 

No.  06 

NaO 

Mat 

0.100 

1.5528 

9.0521 

9.8080 

0.151 

1.4517 

1.9514 

9.7097 

0.101 

1.5508 

9.0009 

9.8010 

0.159 

1.4498 

1.9494 

9.7007 

O.IQS 

1.5484 

9.gi89 

2.7991 

0.158 

1.4478 

1.9474 

9.6888 

0.108 

1.5404 

9.7971 

0.154 

1.4458 

1.9455 

9.6960 

0.104 

•  t.3444 

9.0449 

9.7951 

0.155 

1.4489 

1.9485 

9.6948 

0.105 

K5I25 

18.0429 

9.7989 

0.156 

1.4419 

1.9415 

.9.6999 

o.ioe 

1.0405 

9.0408 

2.7919 

0.^7 

1.4414 

1.9410 

9.692i 

0.107 

1.5385 

9.0888 

2.7892 

1.4899 

1.9895 

9.6909 

.0.108 

i.53«5 

2.0808 

9.7878 

0.158 

1.4880 

1.9876 

9.6889 

0.100 

1.5846 

9.0848 

9.7858 

0.150 

K4860 

1.9856 

9.6870 

o.^Jio 

1.6338 

2f^^ 

9.7846 

0.160 

1.4840 

1.9886 

9.6850 

1.6326 

a.(i.iM 

9.7838 

0.161 

1.4321 

1.9817 

9.6880 

0.111 

1.5;i06 

2. 0304 

9.7814 

0.169 

1.4801 

1.0297 

9.6811 

0.119 

1.5387 

3.0^84 

9.7704 

0.168 

1.4281 

1.9277 

2.6791 

0.118 

1.S367 

2.0264 

•9.7774 

0.164 

1.4969 

1.0257 
1.91^ 

9.6779 

0.114 

1.5347 

3.0245 

9;7755 

0.165 

1.4249 

9.6759 

0.115 

l.."i327 

2.033G 

9.7785 

0.166 

1.4222 

1.9918 

9.6789 

O.Ud 

1.5208 

2M0^ 

9.7715 

0.167 

1.4208 

1.9198 

9.6718 

0.117 

I  Mm 

3.D185 

9.7696 

0.168 

1.4180 

1.9178 

9.6698 

0.118 

I  5168 

2OIC0 

9.7676 

0.169 

1.4168 

1.9159 

9.6678 

P.  110 

I.MI8 

a.OHfl 

2r.7656 

0.170 

1.4144 

1.9fiB9 

9.6654 

0.120 

K5l2i 

2.0126 

9.7687* 

0.171 

1.4124 

1.9119 

9.6684 

0.121 

1.5100 

S.OiOfl 

9.7617 

0% 

1.4107 

1.9108 

9.6617 

0.128 

1.5089 

2.0087 

9.7597 

1.4104 

1.9099 

9.6614 

0.188 

1.W70 

3.0067 

9.7578 

0.178 

1.4084 

1.9080 

9.6595 

0.124 

1.50u0 

3.0O47 

9.7558 

0.174 

1.4065 

1.9080 

9.6575 

0.125 

I.  mm 

2.0037 

9.7588 

0.175 

1.4045 

1;9040 

9.6556 

0.120 

1.5010 

3.000a 

9.7519 

0.176 

1.4025 

1.9021 

Z.6586 

0.127 

1. 491*1 

1.8088 

9.7400 

0.177 

1.4006 

1.9001 

8.6516 

0.128 

umi 

1.0908 

9.7479 

0.178 

1.8966 

1.8981 

2».6497 

0.120 

lA^'il 

1.0918 

9.7460 

0.179 

1.8966 

1.8961 

9.6477 

0.180 

1^0^ 

1.0099 

9.7440 

0.180 

1.8947 

1.8949 

9.6467 

0.181 

1.49ia 

1.9009 

9.7420 

0.181 

1.8927 

1.8999 

9.6488 

0.182 

lABm 

1.0889 

2.7401 

0.182 

1.8907 

1.8009 

9.6418 

0.188 

1A87Z 

1.9869 

2.7881 

0.188 

1.8888 

1.8883 

9.6898 

0.184 

1  48.1^ 

1.9850 

2.7861 

0.184 

1.8868 

1.8868 

9.6879 

0.183 

i.i-^ij 

1.9880 

2.7343 

0.185 

1.8848 

1.8848 

9.6859 

0.180 

1.4813 

1.9610 

9.7822 

0.186 

1.8829 

1.8828 

9.6889 

0.187 

t.4TtH 

1.0790 

2.7809 

0.187 

1.8809 

1.8804 

9.6890 

0.188 

1  4774 

1.9771 

9.7289 

o.^te 

1.8709 

1.8794 

9.6810 

0.189 

1.4:3-1 

1.9751 

9.7268 

1.8789 

1.8784 

9.6800 

0.140 

1.4784 

1.9781 

9.7243 

0.189 

1.8770 

1.8764 

9.6981 

A 

1.4733 

1.9719 

1J.7231 

0.190 

1.8750 

1.8744 

9.6961 

0.Y41 

1.4715 

1.9711 

9.7224 

0.191 

1.8780 

1.8725 

9.6941 

0.148 

iim^ 

1.9009 

2.7204 

0.199 

1.8711 

1.8705 

9.6229 

0.148 

1.4G75 

1.9679 

2.7184 

0.198 

1.8691 

1.8685 

9.6209 

^.144 

1.4655 

1.9659 

9.7105 

0.194 

1.8671 

1.8665 

9.6189 

0.145 

1  463t5 

1.9689 

9.7145 

0.195 

1.8659 

1.860 

9.6168 

0.140 

1.40lf3 

1.9618 

.  9.7125 

0.196 

1.8689 

1.8696 

9.6148 

0.14T 

I  Arm 

1.0598 

9.7106 

0.197 

1.8619 

1.8606 

9.61fl8 

0.148 

1.4.OT 

1.9578  . 

9.7066 

0.198 

1.8599 

1.8587 

9.6104 

0.149 

1.4.^i07 

1.9558 

9.7066 

0.199 

1.8578 

1.8567 

9.6084 

0.160 

l,4.',;i7 

1.9584 

9.7047 

0.200 

1.8058 

1.8647 

9.0064 
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No.  loi^SCREW  MACHINE  PRACTICE 


TABLB  Vn.    OALOUT^ATnta  OIBOX7LAB  POBMIHO  TOOLS 

llbua«&*& 

Na<»f&*& 

««&• 

^f^i^i«^ 

"ijia- 

MaehiM 

"t^^ 

&SL 

"sia- 

&I& 

NaO 

No.8 

N0.O 

Nat 

' 

o.doi 

1.8527 

2.6045 

0.251 

1.7548 

8.5064 

0.801 

8.4085 

0.851 

2.8108 

o.dOd 

1.8508 

3.6025 

0.252 

1.7588 

8.5045 

0.808 

8.4066 

0.852 

2.8088 

0.808 

1.8488 

8.6006 

0.258 

1.7508 

8.5026 

0.808 

8.4046 

^.858 

8.8069 

0.^ 

1.8486 

^.6008 

0.854 

1.7484 

2.5005 

0.804 

8.4086 

0.854 

8.8049 

1.8468 

8.5986 

0.855 

1.7464 

8.4886 

0.805 

8.4007 

0.855 

8.8080 

0.805 

1.8449 

8.5966 

0.256 

1.7444 

2.4966 

0.806 

8.8987 

0.856 

8.8010 

0.206 

1.8429 

2.5947 

0.257 

1.7425 

2.4947 

0,807 

8.8968 

0.857 

8.8991 

0.207 

1.8409 

2.5927 

0.258 

1.7405 

8.4927 

0.808 

8.8948 

0.858 

8.8971 

0.208 

1.8890 

2.5908 

0.259 

1.7885 

8.4908 

0.809 

8i8989 

0.859 

8.8958 

0.209 

1.8870 

2.5888 

0.260 

1.7866 

8.4888 

0.810 

8.8909 

0.^ 

8.2945 

0.210 

1.8850 

2.5868 

0.261 

1.7846 

8.4868 

0.811 

8.8890 

2.2988 

0.211 

1.8880 

2.5849 

0.268 

1.7826 

8.4849 

0.818 

8.8870 

0.861 

8.8918 

0.218 

1.8811 

2.5829 

0.268 

1.7806 

8.4829 

0.tl8 

2.8860 

0.862 

2.2898 

0.218 

1.8291 

2.5809 

0.864 

1.7887 

8.4810 

8.8851 

0.868 

2.2874 

0.214 

1.8271 

8.5790 

0.266 

1.7267 

8.4790 

0.814 

8.8881 

0.864 

8.2854 

0.215 

1.8252 

2.5770 

0.^ 

1.7256 

8.4778 

0.815 

2.8811 

0.865 

8.8886 

0.216 

1.8282 

2.5751 

1.7248 

8.4770 

0.816 

8.8792 

0.866 

8.2815 

0.217 

1.8212 

2.5781 

0.267 

1.7228 

8.4751 

0.817 

8.8778 

0.867 

2.2796 

0.818 

1.8198 

8.5711 

0.268 

1.7208 

8.4781 

0.818 

8.8758 

0.868 

8.2776 

O.tlO 

1-.8178 

2.5697 

0.269 

1.7189 

8.4718 

0.819 

8.8788 

0.869 

2.8757 

1.8178 

2.5692 

0.270 

1.7169 

8.4698 

0.820 

8.8714 

0.870 

2.2787 

0.220 

1.8158 

2.5672 

0.271 

1.7149 

8.4678 

0.881 

8.8694 

0.871 

8.8718 

0.221 

1.8188 

2.6658 

0.272 

1.7180 

8.4658 

0.822 

2.8675 

0.878 

2.2698 

0.222 

1.8114 

2.5688 

0.278 

1.7110 

8.4688 

0.828 

2.8655 

0.878 

2.2679 
8.2659 

0.228 

1.8094 

8.5618 

0.874 

1.7090 

8.4614 

0.884 

8.8686 

0.874 

0.224 

1.8074 

2.5394 

0.875 

1.7071 

2.4594 

0.885 

2.8616 

0.875 

2.2640 

0.225 

1.8055 

2.5574 

0.276 

1.7051 

2.4575 

0.886 

2.8596 

0.876 

2.2620 

0.226 

1.8085 

2.5555 

0.877 

1.7081 

2.4555 

0.827 

2.8577 

0.877 

2.2601 

0.227 

1.8015 

•2.5585 

0.278 

1.7012 

8.4585 

0.828 

2.8557 

0.878 

2.2581 

0.228 

1.7996 

8.5515 

0.279 

1.6998 

8.4516 

0.^ 

8.8555 

0.879 

2.2562 

0.229 

1.7976 

8;  5496 

0.280 

1.6978 

8.4496 

8.8588 

0.880 

2.2548 

0.280 

1.7956 

8.5476 

0.281 

1.6958 

8.4477 

0.880 

8.8518 

0.881 

2.2528 

0.281 

1.7986 

8.5456 

0.& 

1.6948 

2.4472 

0.881 

2.8499 

0.888 

8.2508 

0.288 

1.7917 

8.5487 

1.6988 

8.4457 

0.888 

8.8479 

0.888 

8.2484 

0.888 

1.7897 

2.5417 

0.288 

1.6918 

8.4488 

0.888 

8.8460 

0.884 

2.2464 

0.884 

1.7877 

2.5398 

0.284 

1.6894 

8.4418 

0.884 

8.8440 

0.885 

2.2445 

0.^ 

1.7870 

2.5890 

/).285 

1.6874 

8.4898 

0.885 

8.8421 

0.886 

2.2485 

1.7858 

2.5878 

0.286 

1.6854 

8.4878 

0.886 

8.8401 

0.887 

8.2406 

0.886 

1.7888 

2.5858 

0.287 

1.6885 

8.4859 

0.887 

8.8881 

0.888 

2.2886 

0.287 

1.7818 

8.5880 

0.2S8 

a.6815 

8.4840 

0.888 

2.8868 

0.889 

2.2867 

0.288 

1.7799 

8.5819 

0.289 

1.6795 

8.4820 

0.889 

2.8842 

0.890 

2.2847 

0.289 

1.7779 

8.5800 

0.290 

1.6776 

2.4800 

0.840 

2.8828 

0.U1 

8.2885 

0.240 

1.7759 

8.5280 

0.291 

1.6756 

8.4281 

0.841 

8.8808 

8.2828 

0.241 

1.7789 

2.5260 

0.292 

1.6786 

2.4261 

0.842 

;d.8284 

0.899 

2.2808 

0.242 

1.7720 

J3.5241 

0.298 

1.6717 

2.4242 

0.848 

2.8864 

0.898 

2.2289 

0.248 

1.7700 

2.5221 

0.294 

1.6697 

2.4222 

0& 

2.8250 

0.894 

2.2269 

0.244 

1.7680 

2.5201 

0.295 

1.6677 

2.4208 

2.8245 

0.805 

2.2250 

0.245 

1.7661 

2.5182 

0.296 

1.6658 

8.4188 

0.845 

2.8225 

0.896 

2.2280 

0.246 

1.7641 

2.5162 

0.I.I7 

1.6641 

2.4166 

0.846 

2.8206 

0.897 

2.2211 

0.247 

1.7621 

2.5t48 

1.6688 

2.4168 

0.847 

2.8186 

0.898 

2.2191 

0.248 

1.7602 

2.5128 

0.298 

1.6618 

2.4144 

0.848 

8.8166 

0.899 

2.2178 

0.249 

1.7582 

2.5104 

0.299 

1.6599 

2.4124 

0.849 

8.8147 

0.400 

8.2158 

0.250 

1.7562 

8.5084 

0.800 

1.6579 

8.4105 

0.850 

8.8127 

0.401 

8.2188 

Digitized  by  VjOOQ  IC 


TABLES  FOR  CALCULATIONS 


37 


XABLS  VXZL    OALaUhATDXQ  CUBOULAJI  FOBMZMO  TOOLS 


Lcnrthc 
ooTool 


0.402 
0.408 
0.40ft 
0.406 
0.406 

0.407 
0.408 
0.409 
0.410 
0.411 
0.418 
0.418 
0.414 
0.416 
0.416 
0.417 
0.418 
0.410 
0.420 
0.421 

u 


Na2 
B.AS. 


2.2118 
2  2094 
2.2074 
2.2056 
2.2086 
2.2080 
2.2016 
2.1906 
2.1977 
2.1967 
2.1988 
2.1919 
2.1899 
2.1880 
2.1860 
2.1841 
2.1821 
2.1802 
2.1782 
2.1768 
2.1748 
2.1726 


Lcnsthc 
oaTool 


0.422 
0.428' 
0.424 
0.426 
0.426 
0.427 
0.428 
0.429 
0.480 
0.481 
0.482 
0.488 
0.484 
0.485 
0.486 
0.487 

0.^88 
0.489 
10.440 
0.441 
0.442 


No.  2 
B.AS. 


2.1724 
2.1704 
2.1685 
2.1666 
2.1646 
2.1627 
2.1607 
2.1588 
2.1568 
2.1549 
2.1529 
2.1510 
2.1490 
2.1471 
2.1452 
2.1432 
2.1422 
2.1418 
2.1808 
2.1874 
2.1854 
2.1335 


LeB<rth.c 
oaVopI 


0.448 
0.444 
0.445 
0.446 
0.447 
0.448 
0.449 
0.450 
0.451 
0.452 
0.458 

o'L 

0.455 
0.456 
0.457 
0.458 
0.459 
0.460 
0.461 
0.462 
0.468 


No.  2 
B.AS. 
Msehlno 


2.1815 
2.1296 
2.1276 
2.1257 
2.1287 
2.1218 
2.1199 
2.1179 
2.1100 
2.1140 
2.1121 
2.1118 
2.1101 
2.1082 
2.1063 
2.1048 
2.1024 
2.1004 
2.0985 
2.0966 
2.0046 
2.0927 


Lncthc 
on  Tool 


0.464 
0.465 
0.406 
0.467 
0.468 

,'L 

0.470 
0.471 
0.472 
0.478 
0.474 
0.475 
0.476 
0.477 
0.478 
0.479 
0.480 
0.481 
0.482 
0.488 
0.484 


No.  2 
B.4kS. 


A.0907 
2.0888 
2.0868 
2.0849 
2.088U 
2.0815 
2.0810 
2.0791 
2.0771 
2.0762 
2.0788 
2.0718 
2.0694 
2.0674 
2.0655 
2.0636 
2.0616 
2.0597 
2.0577 
2.0558 
2.0588 
2.0519 


Lntthc 
oaTool 


0% 
0.486 
0.487 
0.488 
0.489 
0.490 
0.491 
0.492 
0.493 
0.494 
0.495 
0.406 
0.497 
0.498 
0.499 
0.600 


No.  2 
B.AS. 

lUchino 


2.0505 
2.0600 
2.0480 
2.0461 
2.0441 
2.0422 
2.0408 
2.0888 
2.0864 
2.0844 
2.0825 
2.0800 
2.0286 
2.0267 
2.0247 
2.0228 
2.0200 


METHOD  OF  USINQ  TABLES 
The  accompanying  tables  have  been 
compiled  to  facilitate  the  calculation  of 
circular  forming  tools  for  Brown  ft 
Sharpe  automatic  screw;  machines.  The 
maximum  diameter 'D  (see  illustration) 
of    forming    tools    for    these    machines 


"Length  c  on  Tool/'  and  opposite  the  fig- 
ure thus  located  and  in  the  column  head- 
ed by  the  number  of  the  machine  used, 
read  off  directly  the  diameter  to  which 
the  tool  is  to  be  made.  (The  quotient  ob- 
tained, and  which  is  located  in  the  col- 
umn headed  "Length  c  on  Tool'*  is  the 
length  c  as  shown  in  the  illustration).. 

OBNZRAL  DIMENSIONS  OP  FORMIKO  TOOLS  FOR 
B.  it  8.  AVTOKATIO  SClUcW  MACBIKES 

(So*  illustration  for  noUtion.) 


Number 

of 

D 

h 

T 

w 

Machine 

00 

n 

i 

1-16 

i 

0 

l^ 

A 

i-14 

A 

2 

8 

i 

4-12 

1 

should  be:  For  No.  00  machine.  1^ 
inch;  for  No.  0  machine,  2M  inches;  for 
No.  2  machine.  3  inches.  To  find  the  oth- 
er diameters  of  the  tool  for  any  piece  to 
be  formed,  proceed  as  follows:  Subtract 
the  smallest  diameter  of  the  work  from 
that  diameter  of  the  work  which  is  to  be 
formed  by  the  required  tool-diameter; 
dtride  the. remainder  by  2;  locate  the  quo- 
fient    obtained   in  the    column    headed 


Example:  A  piece  of  work  is  to  be 
formed  on  a  No.  0  machine  to  two  diam- 
eters, one  being  %  inch  and  one  0.550 
inch;  find  the  diameters  of  the  tool. 

The  maximum  tool  diameter  is  2% 
inches..  This  will  be  the  diameter  which 
will  cut  the  %  inch  diameter  of  the  work. 
To  find  the  other  diameter,  proceed  ac- 
cording to  the  rule  given. 

0.550  —  %  =  0.300 ;    0.300  -*-  2  =  0.150. 

In  Table  II,  opposite  0.150.  we  find  that 
the  required  tool  diameter  is  1.9534  inch. 
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8  No,  loi— SCREW  MACHINE  PRACTICE 

From  Fig.  29  we  have: 

h 

sin  CBD^z—, 

R 

From  Table  II  we  have  ;i  =  C=^.and  «  =  ^D  =  1%,  and  hence: 

1 

sin  030=^  — 

6 


, 85 

cos  CBD  =  V 1  -  sin"  CBD  =  .    -  =  0. 


9860188 


From  the  "law  of  cosines"  in  trigonometry,  we  obtain: 

r=i/R*-^(f  —  2Rc  X  cos  CBD 
Substituting  the  known  values,  we  have: 


r  =  i/  2.26  H-  0.000001  nP  —  0.0029580399  n. 


h 


-0.3810^ 


ir 


1,9771—. 


1.1075. 


2.200  • 


FliT*  80.    I>lm«nsioaa  of  Work  Mid  Tool  la  tb*  Prsottoal  BzAinpl*  OlToa 

To  shorten  the  numerical  work  we  can  now  calculate  r  for  n  =  60. 
n  =  100,  n  =  150,  etc.,  which  is  equivalent  to  considering  the  distance 
AB,  Fig.  29,  divided  into  a  number  of  equal  divisions,  each  0.001  inch 
long,  and  computing  the  radius  r  for  AB  =  0.050,  AB  =  0.100,  etc.  By 
trial  it  can  be  determined  that  the  values  of  r  for  other  values  of  n 
can  be  interpolated  between  those  calculated,  so  that  the  interpolated 
values  will  be  correct  to  four  decimal  places.  Hence,  by  computing 
the  values  of  r,  as  stated,  by  the  formula  Just  given,  we  obtain  the 
values  in  Table  IV.  The  fourth  column  in  this  table  gives  the  differ- 
ences of  radii  corresponding  to  a  difference  of  0.001  inch  in  the  length 
of  line  AB.  By  multiplying  the  values  of  r  and  the  differences  for 
0.001  inch,  by  2,  we  obtain  the  diameter  and  diametral  differences 
directly,  as  shown  in  the  last  two  columns.  The  tables  on  pages  34  to 
37  are  computed  by  simply  subtracting  these  diametral  differences,  as 
given  in  Table  rv,  from  each  preceding  diameter,  as  indicated  below. 
For 

n  =  0,  2r=  3.000000 

n  =  1,  2r  =  3.000000  —  0.001971  =  2.998029 

n  =  2.  2r  =  2.998029  —  0.001971  =  2.996058 
and  so  forth  to  n  =  49. 
For 

n  =  50.  2r  =  2.901446 
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n  =  51,  2r  =  2.901446  —  0.001969  =  2.899477 

n  =  52,  2r=;  2.899477  —  0.001969  =  2.897508 
and  80  forth  to  n  =  99.      In  this  way  the  calculations  are  continued 
until  the  tahle  is  completed. 

The  following  example  will  illustrate  the  practical  application  of 
Tables  V  to  VIII.  Assume  that  we  wish  to  design  a  circular  forming 
tool  to  turn  the  piece  shown  in  Fig.  30,  on  a  No.  0  Brown  A  Sharpe 
automatic  screw  machine.  Let  the  largest  diameter  of  the  circular  tool 
correspond  with  the  smallest  diameter  on  the  piece.  Then  find  one- 
half  the  difference  between  the  required  diameters  of  the  work  as 
follows: 


0.019 
=  0.0095  inch 


5 

0.137 

32 

0.156  —  0.137 

2  • 

9 

0.137 

32 

2 
0.281  —  0.137 

0.144 
=  0.072  inch 


I 0.024  i- 

\16  / 


0.137 

0.276 

=  0.138  inch 


2  2 

From  Table  V,  we  find  opposite  0.0095,*  in  the  column  headed  No.  0 
the  value  2.2312,  which  is  the  diameter  to  which  to  cum  the  circular 
tool  to  produce  the  5/32  inch  diameter  on  the  work  when  the  largest 
diameter  of  the  circular  tool  turns  the  smallest  diameter  on  the  work 
to  0.137  inch  diameter.  The  other  diameters  are  found  opposite  0.072 
and  0.138,  in  the  column  headed  No.  0;  they  are  2.1075  inches  and 
1.9771  inch,  respectively. 


*  The  table  only  reads  to  thousandths  of  an  inch,  but  values  corresponding  to 
ten-thousandths  inch  can  be  found  by  interpolating. 
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Machinery 


mONTKLY« 


Ens^lneerJng  Edition 

IZ  numbvrs  ■  ycmr* 
1000  9xtl  (»affefl. 
4§  6ii9  DaU  Sfa«t« 


12.00  ft  V«r. 


FACHINERY  is  the 
leading  journal  in 
the  machine-build- 
ing field  and  meets  the 
requirements  of  the  me- 
chanical engineer,  super- 
intendent, designer,  tool- 
maker  and  machinist,  as 
no  other  journal  does. 
Machinery  is  a  monthly 
and  deals  with  machine 
design,  tool  design,  ma- 
chine construction,  shop 
practice,  shop  systems 
and  shop  management 
The  reading  matter  in 
Machinery  is  written  by 
practical  men  and  edited 
by  mechanical  men  of 
long  practical  training. 
The  twelve  numbers  a 
year  contain  a  thousand 
pages  of  carefully  selected  and  edited  mechanical  information. 

Each  number  of  Machinery  contains  a  variety  of  articles  on 
machine  shop  practice.  These  articles  include  carefully  prepared 
descriptions  of  manufacturing  methods  and  current  mechanical 
developments.  Shop  systems  and  shop  management  are  ably 
handled  by  the  foremost  writers.  Every  number  contains  the 
most  extensive  and  complete  monthly  record  published  by  any 
journal,  or  in  any  form,  of  new  machinery  and  tools  and  acces- 
sories for  the  machine  shop.  A  special  department  is  devoted 
to  "Letters  on  Practical  Subjects/'  to  which  practical  mechanics 
contribute  their  experiences.  There  is  a  department  of  Shop 
Kinks— brief,  concise  little  contributions  which  contain  ideas  of 
value  to  the  man  in  the  shop  or  at  the  drafting  table. 

The  mechanical  engineer,  machine  designer  and  draftsman  are 
also  well  provided  for  in  Machinery.  Every  number  contains 
articles  on  the  theory  and  practice  of  machine  design,  on  the 
properties  of  materials,  and  on  labor-saving  methods  and  systems. 
There  are  reviews  of  research  work  in  the  mechanical  field, 
valuable  results  of  carefully  made  experiments  are  recorded,  and 
the  world's  progress  in  every  field  of  mechanical  endeavor  is 
closely  watched. 

One  of  the  most  valuable  features  is  the  four-page  monthly 
Data  Sheet  Supplement  printed  on  strong  manila  paper.  These 
Data  Sheets  contain  high-grade,  condensed  mechanical  data, 
covering  machine  design,  machine  operation  and  kindred  subjects. 
They  are  the  cream  of  mechanical  information. 
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Vo.  60.  Prfnoiples  and  Pratrtice  oi  Am* 
•einbli&g^  Macblna  Tools,   fart   L 

Vo,  51.  Principles  and  Practice  of  A«> 
sembUuff  Machine  Toolr,  L'art  11. 

Vo.  52.  A^dvanoed  Shop  Arltlmietlc  for 
the  ICachiniat. 

Wo.  53.  Use  of  X^oguiithms  and  logar- 
ithmic TabUs. 

Wo,  64.  Solull^m  of  Trlangl«i,  Part  I. 
^-Methods,   Hules  and  Examples. 

Vo.  56.  Solution  of  Trlanrl^af  Part  II. 
— Tiibles   of   Nalural    Functluna. 

Ma*  56.  Ball  Bearlnffi. — Principles  of 
DeiJtgTi  and  Cuasirut,Uuii, 

9o.  57.  Ketal  Splnmlnif^^M  a  c  h  t  n  e  s. 
Tools  and  Mc^lliuds   Tsed. 

Vo.  58.  Helical  ana  ElllpUo  8p^ttr<< — 
Cakxilation  «nd  Uesiyn. 

Vo,  59*  Machines,  Tools  and  tfethoda 
of  ▲utomohile  Manufactaxe. 

Vo,  60.  Construction  and  Maunfacture 
of  ▲atomohUes. 

Vo.  61.     Blacksmith     Shop     Praoiloe. — 

Ing  of   Hooka  and   Chains;    MUt  enaiiLnjus. 

Vo.  63.  Hardness  and  Hm-ahUlty  Test- 
ing  of  Metala. 

Vo.  03.  Heat  Treatment  of  8t«el.-^ 
Hardening,    Tvmpt^viii^,  Casr-HardmJnK^. 

Vo.  04.     Oag'e  Making*  and  liappinff. 

Vo.  65.  Form  alas  and  Constants  fot 
0aa  Engine  Design. 

Vo.  66.  Seating  and  TtntUatlon  of 
Shops  and  Offices. 

Vo.  67.     BoHori* 

Vo.  68,  SoUer  Pnmaoes  and  Chim* 
neja. 

Vo.  69.     F«ed  Water   AppUanooa* 

Vo.  70.     Steam  Sng-lnes. 

Vo.  71.     Steam  Tnrhlues, 

Vo.  73.  Pumps,  Condensers,  Steam  and 
Water  Piping. 

Vo.  73.  Prlnolples  and  Appltoatloua  of 
Electricity,  Part  I— Statir  I«:iet^trlcity; 
Klectricai    Mt'U.M  lin  iih^til.-j;     lJiiLtert*'h. 

Vo.  74*  Principles  and  Applications  of 
Sleotrlclty,  Piitt  11  — Ma^n*  tism;  El*?c. 
tro-  Magne  Uttxn ;     £:  I  e  c  t  r  op  l  a  l  i  n  *? . 

Vo.  7B»  Principles  and  Applications  of 
BSleetrldty.  Part  IIL — Hynamua;  Motors; 
EU^ctric    Rallwii>.s. 

Vo.  76.  Principles  and  Applfcationa  of 
ElecUiolty,    P:irt    IV.— Elevtrh      LlKhtlnt? 

Vo.  77<^  Principles  Eutd  Applloatlons  of 
electricity,  I'url  V— Ti'N\qrapli  Ji^d  'Jivltv 
phone, 

Vo*  78.  Principles  and  Applications  of 
Bleotridty,  Part  \'l. — TriinemisHion  of 
Powt^r, 


Vo.  79.  £oeomotlve  BnUdlng«  Part  I, — 
Main  and  Shii-  Huds, 

Vo.  80.  Xiocomotive  Btilldlnirt  Part  II. 
— Wheels;  Axlea;  Drlvlng^  Doxen. 

Vo.  81.  XfOcomotlve  Building,  Part  Itl. 
— Cylinders    and    Frames* 

Vo.  83.  ZiOcomotlTO  Bnlldlng,  Part  IV. 
— Ynlve  Motlun. 

Vo.  83.     IboeomotiTO   Bolldiaff,    Part   V, 

—  iJoUt^r    Shop    Prut'tlce. 

Vo.  84.     Xooomotive  Bnllding',  Part  VL 

—  Erwcllnij. 

Vo.    85.     MechaiUGal    Brawing',    Part    I. 

—  [  n  8 1  r  u  m  en  I B ;      Mat  ♦  •  ri  n  I « ;      G  liom  e  irlcol 
I*rubli»m8. 

Vo.  86.    Mechanical   drawing.   Part   II. 

—  IMujectlon. 

Vo.  87.  Mechanical  Drawing,  Part  IIL 
— Muchino  DiHaJhs, 

Vo.  88.     Mechanical  Bra  Wing,  l^rt  IV, 

—  MU'hlni;    Lxrlails. 

Vo.  89.  The  Theory  of  Shrinkage  and 
Forced   Pita. 

Vo,  90,     Railway  Bepair  Shop  Practice. 

Vo.  91.  Operation  of  Machine  Tools. — 
The   Lathe.  I 'art   I 

Vo.  93.  Operation  of  Maehina  Tools. — 
Th«'  Lalhe.   Purl   IL 

B'o.  93.  Operation  of  Machine  Toola,— 
Planer.   Sharer,    HlotUT. 

Vo.  94.  Operation  of  Machine  Tools. — 
Drlllln^c    Machtiu^s. 

Vo.  96.  Operation  of  Machine  Tools.-^ 
Horln^  Machlne.s. 

Vo.  96.  Operation  of  Machine  Toola.^ 
Mlllifit'  Maehlni's,  Part  1. 

Vo.  97.  Operation  of  Machine  Tools.^ 
MiMJiiK  Machin<_'M,  purt   II. 

Vo.  98.  Operation  of  Machine  Tools. — 
iJrindint;    MachJntjs. 

Bo.  99.  Automatic  Screw  Machine 
Practice^  Part  T. — « »|t*^r;it  1*.ii  nf  th.-  Brown 
t<'   Sliar[>e  Aulohutiii    Scrttw   MaLhine. 

Vo.  100.  Automatic  Screw  Machine 
Practice,  Pari  11.  n*'«lj^nln^  and  ruUIni? 
Cams   fur   tho   Aiitnmutlc   .Scrt^w   MaLliln<", 

Vo.  101.  Antomatic        Screw        Machine 

Practice.  Part   111 — ^^'lr<  uhji   Forming  and 
Ciiit-f»fr   Tools, 

Vo.  103.  Antomatic  Screw  Machine 
Practice,      I'art      1\'. — Kxtt^rnal      Cutting 

Vo.  103.  Automatic  Screw  Machine 
Practice^    Part    V — Intt^rnal  Cutting   Ton  In, 

Bo.  104.  Antomatic  Screw  Machine 
Practice,   Pari    VL— Thn-adtnis"  Oper  illoas, 

Vo.  105.  Antomatic  Screw  Machl^ie 
Practice,   P.irf    V'll.    -KnurlJfi*^  OptratJsm.M 

Vo.  106.  Automatic  Screw  Machine 
Practice,  Part  VEIL — ^^ross  DrlllluK^.  Burr- 
ing and   .SlottliTg  Uperat ion**. 
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MACHINERTS    DATA    SHEET    SERIES 

MACin?«^EnT*fi  Data  Sh^et  Books  Inrliide  the  well  known  series  of  Data  Sheets 
originated  by  Maciiim:i£v.  aud  issued  monthly  as  aiipplementB  lo  the  publication; 
of  these  Data  Shet^ts  over  50U  have  be«  n  publishedp  and  ^^000,001)  copies  sold.  Re- 
vised aod  greatly  amplified,  they  are  now  presented  in  book  form,  kindred  sub- 
jects being  grouped  together  The  purt-hasfr  may  secnre  either  the  hooka  on 
those  subjects  In  which  he  its  specially  interested,  or,  if  he  please&Hihe  whale  set  at 
one  time.  The  i>rice  of  each  book  is  25  cenls  (one  ah itil^^d  fc4ili»€>€IQi©r where 
In  the  world,  ^ 


I 


CONTENTS  OF  DATA  SHIET  BOOKS 


mo.  1.  Bcrtw  *rhreada. — United  Statr^s, 
Whitworth,  Sharp  V-  and  Uritish  Aaswla- 
tlon  .Standnrd  Thrc^uds;  Brings  Pipe 
Tlirt^ad;  Oil  Well  Caaing  Gages:  Fire  Hoeo 
CrmnectionB;  Acme  Tliroad;  Wurm 
Threads:  Metric  Tlir<^ads;  Machitii^^  Wood, 
and  lAg  Screw  Threads;  Carriage  Bolt 
Threadfi«  etc. 
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lur-nead  ti rid  11  oxai^on-hoad  Screws;  Btand- 
urd  and  Spetial  NuLh;  T-nuts*  T-boIia  and 
WushiTH;  TJiumb  Screws  and  Nuts:  A.  1j, 
A>  M*  Standard  ScreWB  and  Nuts;  Machine 
Screw  Heads;  WoihI  Scn-ws;  Tap  DrlHs; 
L.t»ck  Nuts;  Eye-holts,  etc. 
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Stay 'holt.  Washout,  and  Patcli-boR  Taps* 
Pipe  TiipH  and  Hoiia:  8o]ld  Square,  Ernind 
Adjustable  and  Sprlrig^  Screw  Threading 
Dies, 
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HH'anu'rH  and  Ariiors;  Pipe  Ilciiimflr«;  Taper 
pins  fiiid  Ki-amors;  ]irown  &  Sliarpe, 
MorHc  and  Jarno  Taper  Bociiols  and  lt»^am- 
crs;  Drills;  Wire  Gajres;  MHlinK  Cuttr-rs; 
Selling  Angles  for  Milling  Tcetti  In  End 
Mills  and  Angular  Catters,  etc. 

Mo.  &*  Spu£  CNarlng*. — Diametral  and 
CI  re  alar  PUch;  Dim-' a  ski  as  of  Spur  Gears; 
Tables  of  Pitch  Dtanieteris;  Odnnto^rapli 
Tables:  HolliiiK  Mill  Gearing:  Strength  of 
Sptir  (jcars;  Hfirsepawer  Transmitted  by 
Cast-iron  and  Rawhide  Pinion j*;  Detiigrn  of 
Bpur  Gears;  Wolffht  of  Cast-iron  Gears; 
llpkycllc  Gearing. 

Ho.  e.  Bevel,  Spiral  and  Worm  Qear- 
ing, — Rules  and  Formulas  for  Bevel 
Oearw:  Streapth  of  Uev*?i  Gears;  Design 
of  Bevel  Gears;  Rules  and  Formulas  fur 
Spiral  Gearing;  Tablea  Facilitating  Calcu- 
lations; DhiKram  for  Cutters  for  Spiral 
Gi^^iirs;  Rules  and  Formulaa  for  Worm 
Gearing,  etc. 
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Forcing,  Driving,  Siiririkin^gr  and  Hunainff 
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Siandnrd  Keys;  Gib  Keys;  MllllnH^  Key- 
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ings; Chtrap  Couplings;  Plate  Couplings: 
Flange  Couplings;  Toatli  Clutches;  Crab 
Couplings;  Cone  Clutches ;  Universal 
Joints;  Crane  Chain;  Chaia  Friction;  , 
Crime  Hooks;  Drum  Scores, 

Uo.  9*  SprlnfiT'i  Slides  and  iCaeMna 
Satalls. — Formuhia  and  Tahh-s  for  Spring 
Cftlculationa;  Machine  Slides;  Marliiuo 
Handfea  and  Levers;  Collars;  Hand 
Wheels;  Pins  and  Cotters;  Turn-buckiea^ 
etc. 

IKo.  10.  Motor  DHre,  8p«eda  and  Fi^di, 
Change  0e&zing,  and  BoTing  Bars. — Pow^r 
roriulred  f«tr  MarikSnc  Tools;  Cutting 
Fp*  f  il«  and  Fcf^ils  fivr  Carbon  and  High* 
epiM'd  Stocl:  Screw  Macliine  SpctHls  and 
Feeda;     Ueat     Treatment    of    Higii-apecd 


Steel  Tools;  Taper  Turnlnsr:  Chaiiire  ( 

Ing  fur  the  Lathe;  Boring  Bare  and  Toojj^ 

etc. 

Ho.  11.  lUUlnir  ICaoMne  1^dezimr« 
Claniplnff  BeTloes  and  Flaner  Jackm.^ 
Tablea  for  Milling  Macijii\e  Index  in g^; 
Ciiange  Gears  for  Milling  Spirals;  .\np?les 
frtr  Betting  Indexing  Head  when  Miliinc 
Clutc'hea;  Jig  Clumping  Devices ;  Straps 
and  ClJimpa;  Planer  Jacks. 

Ho.  12«  Plpa  and  Pipe  rittlnffa.— Pipe 
Threads  and  Gag^os;  Castiron  Fittinjrs; 
Bronae  FRtJnga;  Pipe  Flanges;  Pipo 
Bends;  Pipe  Clamps  and  HangiTH;  Dlmen- 
eions  of  Pip©  for  Various  Services*  etc. 

Ho.  13.  B?il«7i  and  Chimn^jm. — ^Flua 
Spacing  and  Er  .eing  for  Bollera;  Strength 
of  Boiler  Join  la;  Itivetinj;;  Boiler  Setting 
Chimneys. 

Ho.  14*  £ooomotl70  and  Railway  Ilata* 
—Locomotive  Boilers;  Bearing  Pressures 
for  I^ocomoilve  Journals;  Locomotlvo 
CtaaBlileations;  Hail  Sections;  Fro^s, 
SvFitehes  and  Cross-overs;  Tires;  Tractive 
Force;  Diertia  of  Trains;  Brake  tt<^\ers; 
Brake  Rods,  etc, 

Wo^  15.  Bteam  and  Ctmm  SnAiaea. — Sat- 
urated Steam;  Steam  f*ipe  Sizes;  Steoxn 
Engine  Design;  Volume  i>f  Cylinders; 
Stufhing  Boxes;  Setting  Corliss  Kngloo 
Valve  Gears;  Condenser  and  Air  Pump 
Data;  Horsepower  of  Crasoline  Engines; 
Automobile    Engine    Cranlfsiit^fts,    etc 

Ho.  le.  Vathaa^tloal  Tables^— Squares 
of  Mixed  Numbera;  Functions  of  Frao* 
lions;  Circumference  and  Diameters  of 
Circles:  Tables  for  Spming  ofT  Circles; 
Solution  of  Triangles;  Formulas  for  Solv* 
ing  Regular  Polygons;  Geometrical  Pro- 
gression, etc. 

Ho.  17.  VeebanlGi  and  Strengtli  of  ICa* 
terlali.— Work;  Energy;  Cent'ifogal 
Foree;  Center  of  Gravity;  Motion;  Fric- 
tion; Pendulum;  Falling  Bodies;  Strfn^^th 
of  Materials;  Strength  of  Flat  Phires; 
Ratio  of  Outside  and  In  wide  Radii  of 
Thick  Cylinders,  etc. 

Ho.  IS;  Beam  Fartnnlat  and  Stmotaral 
Heslgn,^ — ^Beam  Formulas;  Seellonal  Mod- 
uli of  Structural  Sliapcs;  Beam  Cliarls; 
Net  Areas  of  Structural  Angles;  Rivet 
Spacing;  Splleea  for  Clirinncla  and  1- 
beama;   Stresses   in   Roof  Trusses,   etc. 

Ho.  19.  Heltt  mope  and  Glialn  Drlvis.^- 
Dimensions  of  Pulh'ys;  Weights  of  Pul- 
leys; Horsiipower  of  Belting;  Belt  Veloc- 
ity; Angular  Belt  Drlvea;  Horsepower 
transmitted  by  R.^pes;  Sheaves  for  Rupe 
Drive;  Bending  Str<*ssea  in  Wire  Ropes; 
Sprockets  for  Link  Chains;  Formulas  and 
Tables  for  Various  Chisses  of  Driving 
Chain. 

Ho.  90.  Wlrlaif  Biaiframiv  Heating  and 
Ventilation ,  and  MieeeUaneoue  Tables. — 
Typi<.il  Mot<ir  Wiring  DhiKr.ini!^;  Resist- 
unce  of  Round  Copper  Wire;  Rnl/Hcr  Cov- 
ered Cables;  Current  Densities  for  Vari- 
ous Contacts  and  Materials;  Centrifugal 
Fan  and  Blower  Capacitb^s;  JI  ^t  Water 
Main  t^ipacklcs;  Miscellaneous  Tablea: 
D^^cSmal  lCouivalents»  Metric  CMriveralon 
Tallies.  Welghla  and  St»eelfic  Griivlty  of 
Metals,  Weights  of  Fillets,  Drafting  room 
Cun.entions*    etc. 
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Automatic  Screw  Machine  Practice  for  the  Brown  ft  Sharpe  auto- 
matic screw  machines  is  covered  in  eight  Reference  Books,  Nos.  99  to 
106,  inclusive.  Reference  Book  No.  99,  "Operation  of  the  Brown  ft 
Sharpe  Automatic  Screw  Machines/'  deals  with  the  construction  of 
these  machines  and  the  setting-up  of  the  tools.  No.  100,  "Designing  and 
Cutting  Cams  for  Automatic  Screw  Machines,"  gives  detailed  instruction 
on  cam  design,  and  describes  a  simplified  method  for  milling  cams. 
No.  101,  "Circular  Form  and  Cut-off  Tools  for  the  Automatic  Screw 
Machine,"  deals  with  the  general  arrangement  and  the  calculations  of 
these  tools,  and  describes  the  different  methods  employed  in  their 
making.  No.  102,  "External  Cutting  Tools  for  the  Automatic  Screw 
Machine,"  deals  with  the  design  and  construction  of  box-tools,  taper 
turning  tools,  hollow  mills,  and  shaving  tools.  No.  103,  "Internal  Cut- 
ting Tools  for  the  Automatic  Screw  Machine,"  deals  with  centering 
tools,  cross-slide  drilling  attachments,  counterbores,  reamers,  and  re- 
cessing tools.  No.  104,  "Threading  Operations  on  the  Automatic  Screw 
Machine,"  treats  on  cam  design  for  threading  operations,  threading 
dies,  taps  and  tap  drills,  die  and  tap  holders,  and  thread  rolling.  No. 
105,  "Knurling  Operations  on  the  Automatic  Screw  Machine,"  describes 
the  construction  of  knurling  holders,  and  gives  directions  for  the  mak- 
ing of  knurls  and  the  design  of  tools  and  cams  used  in  connection  with 
knurling  operations.  No.  106,  "Milling,  Cross-drilling  and  Burring 
Operations  on  the  Automatic  Screw  Machine,"  describes  screw-slotting 
attachments,  index  drilling  attachments,  and  burring  attachments,  giv- 
ing directions  for  their  use  and  for  the  design  of  cams  for  them. 
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CHAPTER  I 


BOX-TOOLS  FOB  AUTOMATIG  SCBEW  MACHINEIS 

Th€  subject  of  external  cutting  tools  is  of  wide  scope,  embracing  all 
the  tools  which  are  used  in  removing  material  from  the  exterior  of 
the  work.  The  mast  common  tools  used  for  external  work  are  circular 
forming  tools,  box-tools,  hollow-mills,  swing  tools,  taper-turning  tools, 
angular  cutting-off  tools,  and  shaving  tools.  All  the  tools  mentioned, 
with  the  exception  of  circular  form  and  cut-off  tools,  which  are  dealt 
with  in  MAt^HusfiKT's  Beference  Book  No.  101,  "Automatic  Screw  Ma- 
chine Practice — Part  III,"  will  be  described  in  the  following  pages. 
External  cutting  tools  are  made  of  different  designs  to  suit  the  condi- 
tions of  the,  work  on  which  they  are  to  be  used;  therefore  a  detailed 
description  of  the  construction  and  use  of  each  tool  will  be  given.  As 
box-tools  are  used  extensively  on  the  automatic  screw  machine,  and  as 
they  are  the  most  common  of  all  the  tools  used  for  external  work,  they 
will  be  considered  first 

Preparing  Work  for  Taming 

Before  reducing  the  diameter  of  the  work  by  means  of  a  box-tool  or 
other  external  cutting  tool  of  a  similar  type,  it  is  necessary  to  chamfer 
the  front  end  of  the  work  to  permit  the  starting  of  the  box-tool  cutter 
on  a  light  cut,  until  the  supports  are  in  position  to  steady  the  work. 
Pointing  or  chamfering  the  end  of  the  work  also  facilitates  the  setting 
of  a  hollow-mill  concentric  with  the  work. 

.  One  method  of  pointing  the  end  of  the  work  is  shown  at  A  in  Fig.  1. 
Here  the  circular  cut-off  tool  has  an  angular  projection  on  its  face  next 
to  the  chuck,  which  points  the  bar  before  it  is  fed  out  for  the  next 
piece.  This  method  is  generally  used  when  the  work  is  not  very  long, 
and  when  it  runs  practically  true.  When  it  is  necessary  to  cut  a  thread 
on  a  piece,  the  beveled  end  of  the  bar  is  made  small  enough  to  facilitate 
the  starting  of  the  die. 

It  is  sometimes  found  impossible  to  point  the  bar  with  the  cut-ofP 
tool,  owing  to  various  conditions,  and  in  this  case  the  bar  is  usually 
pointed  by  a  combination  centering  and  pointing  tool  as  shown  at  B. 
This  tool  can  be  used  when  the  bar  does  not  project  more  than  three 
and  one-half  times  its  diameter  from  the  face  of  the  chuck,  and  also 
when  the  bar  is  unfinished  or  of  irregular  shape.  The  tool  a  is  used 
for  centering  the  work,  thus  preparing  it  for  drilling  a  hole,  and  the 
tool  h  is  used  for  pointing  the  end  of  the  bar. 

Another  condition  is  that  shown  at  C.  Here  the  form  tool  precedes 
the  box-tool,  necking  the  bar  at  a.  Now  if  the  face  b  of  the  circular 
tool  were  left  square  and  not  chamfered,  as  shown,  a  ring  or  washer 
would  be  formed  by  the  box-tool  cutter,  as  there  would  be  no  resistance 
to  the  pressure  of  the  cut,  and  hence  the  thin  ring  would  break  off 
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before  all  the  material  had  been  removed.  This  condition  was  clearly 
illustrated  and  described  in  Part  III  of  this  treatise,  Reference  Book 
No.  101. 

When  it  is  necessary  to  turn  down  a  portion  of  a  long  cylindrical 
piece  of  cold-drawn  steel  or  other  material  which  has  a  finished  surface, 
and  bane  the  part  turned  concentric  with  that  which  has  not  been 
reduced,  it  is  usually  goo4  practice  to  weaken  the  bar  with  the  circular 
cut-off  tool  as  shown  at  D.  For  this  class  of  work  a  supporting  bush- 
ing held  in  the  box^ool  should  precede  the  turning  tool,  so  that  the 
part  turned  will  be  concentric  with  the  finished  body  of  the  work. 
Before  turning,  the  bar  is  pointed  with  the  circular  cut-off  tool  as 
shown  at  A. 

The  diameter  a  of  the  neck  should  be  small  enough  to  allow  the  bar 
to  be  straightened  with  the  box-tool  support,  so  that  it  will  run  true. 


ILAR  CUT-OFF 
TOOL 
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TOOL 
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Flff.  1.    Methods  of  Pr«p«rlnff  Work  for  Tumincr 

In  the  majority  of  cases  the  neck  a  may  be  made  from  0.3  to  0.5  times 
6,  but,  of  course,  the  length  c  of  the  work,  the  depth  of  the  chip  re- 
moved, and  the  feed  used,  will  govern  largely  the  diameter  of  the  neck. 
The  material  being  turned  will  also  affect  this  diameter  slightly,  but 
in  most  cases  this  latter  condition  can  be  disregarded.  Rods  which 
have  short  bends  in  them  should  not  be  used,  as  it  will  be  found  im- 
possible to  produce  a  good  surface  on  the  part  which  is  turned.  The 
spring  collet  should  also  run  perfectly  true  if  good  results  are  to  be 
expected. 

Application  of  Box-tool  Cutters  to  the  Work 

Box-tool  cutters  are  applied  either  radially  or  tangentially  to  the 
work.  The  radial  cutter  is  more  commonly  used  for  brass  work,  while 
the  tangential  cutter  is  used  for  all  classes  of  steel  work,  although  it  is 
also  sometimes  used  for  brass  work. 

At  A  in  Fig.  2  is  shown  what  Is  termed  a  "radial  cutter."  The  cut- 
ting edge  is  set  slightly  above  the  horizontal  center  line  of  the  work. 
The  amount  that  it  is  set  above  the  center  is  usually  about  0.02  times 
the  diameter  to  which  the  work  is  being  turned.    This  Is  the  preferable 
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method  of  applying  a  turning  tool  for  taking  roughing  cuts  on  brass 
rod.  When  the  stock  is  rough,  or  of  an  Irregular  shape,  the  cutter 
should  precede  the  support  by  an  amount  equal  to  from  0.010  to  0.020 
inch,  but  when  the  bar  is  cylindrical  and  has  a  finished  surface,  the 
support  for  roughing  cuts  should  precede  the  turning  tool,  as  is  shown 
by  the  dotted  lines. 

At  B  is  shown  what  is  called  a  tangential  cutter.  Here  the  cutter  is 
set  to  take  a  roughing  cut  from  a  bar  which  is  not  finished,  or  of 
irregular  shape.  Where  the  bar  has  a  finished  surface  and  is  circular 
in  shape,  the  support  is  set  in  advance  of  the  turning  tool  as  already 
mentioned. 

A  tangential  cutter  set  for  taking  a  finishing  cut  on  steel  work  is 
shown  at  C.  Here  the  turning  tool  is  set  slightly  back  of  the  center, 
an  amount  equal  to  abtut  0.10  of  the  diameter  d  to  which  the  work  is 
being  turned.  For  cutting  brass,  the  tangential  cutter  Is  set  in  line 
with  the  center,  and,  in  some  cases,  a  slight  amount  in  advance  of  the 
center. 
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.  A  method  of  applying  two  turning  tools  for  roughing  down  steel 
work  is  shown  at  D,  and  at  E  is  shown  a  method  of  applying  three  turn- 
ing tools  for  the  same  purpose.  For  taking  roughing  cuts  on  hrass, 
where  a  great  amount  of  material  is  to  be  removed,  a  hollow-mill  is 
generally  used,  but  the  method  shown  at  D  can  sometimes  be  used  to 
advantage.  In  the  case  shown  at  E  no  supports  are  used,  as  the  tools 
support  the  stock.  These  tools  can  either  be  set  radially  as  shown, 
and  a  slight  amount  in  advance  of  each  other,  or  tangentially  and  at 
varying  heights,  so  as  to  distribute  the  cuts  equally  among  the  tools. 
For  taking  roughing  cuts  on  steel,  it  is  preferable  to  set  the  cutters 
tangentially  to  the  work. 

At  F  is  shown  a  method  of  applying  two  tangential  turning  tools  for 
turning  down  two  diameters  on  a  piece  of  work.  This  method  is  used 
when  the  distance  a  is  not  much  greater  than  from  ^  to  %  inch.  If 
the  distance  a  is  much  greater  than  this  it  is  generally  advisable  to 
use  two  separate  box-tools,  provided  there  Is  sufficient  room  in  the 
turret.  When  turning  tools  are  used  in  this  manner  it  is  necessary  to 
have  the  thickness  of  the  first  tool,  or  the  distance  5,  such  that  the 
second  tool,  when  set  tightly  against  the  first  one  will  turn  the  shoulder 
to  the  desired  length. 

To  illustrate  clearly  how  the  distance  &  is  obtained,  we  will  take  a 
practical  example.  Let  o  =  0.375  inch,  /9  =  10  degrees;  then  b^ax 
cos  p  =  0.375  X  0.9848  =  0.3693  inch.  When  two  turning  tools  are  used 
in  this  manner  they  should  be  ground  on  all  surfaces  and  should  also 
be  made  a  good  fit  in  the  square  or  oblong  hole  cut  in  the  body  of  the 
holder   to   receive   them. 

Holding  and  A<Uu8ting  Box-tool  Cutters 

It  is  conducive  to  good  results  to  have  a  box-tool  cutter  held  rigidly 
in  the  holder.  It  should  not  project  any  further  from  the  holder  than 
is  absolutely  necessary  in  order  that  the  latter  may  clear  the  largest 
diameter  of  the  bar  being  turned.  Means  for  adjusting  the  tool  to  cut 
different  diameters  should  also  be  provided.  At  A  In  Fig.  3  is  shown  a 
method  which  Is  commonly  used  for  holding  a  box-tool  cutter  for  brass 
work.  In  this  case  a  square  hole  Is  cut  in  the  body  of  the  holder  to 
receive  the  cutter,  the  latter  being  held  by  a  set-screw  a.  The  cutter  Is 
adjusted  for  different  diameters  by  the  collar-head  set-screw  6  which 
bears  against  the  rear  end  of  the  tool.  It  is  obvious  that  this  screw 
can  only  be  used  for  adjusting  the  tool  in,  but  by  cutting  a  slot  in  the 
turning  tool  to  fit  the  collar  on  the  screw,  this  same  screw  may  be 
used  for  adjusting  the  tool  both  in  and  out,  thus  making  it  more  con- 
venient. 

The  method  shown  at  B  for  holding  the  turning  tool  is  used  particu- 
larly for  brass  work.  In  this  case  the  turning  tool  is  held  in  the 
block  c  by  two  set-screws  d,  the  block  being  adjustable  along  the  body 
of  the  holder.  The  block  c  has  a  projecting  shank  which  passes  through 
the  body  of  the  holder  and  is  fastened  to  it  by  means  of  the  nut  and 
washer  shown.  It  is  evident  that  this  method  of  holding  the  tool  is 
very  convenient  for  certain  classes  of  work,  especially  when . different 
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diameters  are  required,  as  it  is  possible  to  have  one  or  more  blocks  for 
holding  the  turning  tools. 

A  method  of  adjusting  and  holding  a  tangential  cutter  is  shown  at  C. 
Here  the  cutter  is  set  off  at  an  angle  from  the  face  of  the  box-tool,  and 
is  held  in  the  body  of  the  holder  by  two  set-screws  e  and  /.  The  tool 
rests  on  a  small  block  /,»  thus  allowing  it  to  be  adjusted  for  turning 
different  diameters,  the  two  set-screws  being  used  in  connection  with 
this  block  for  adjusting.  This  method  of  adjusting  and  holding  the 
turning  tool  is  limited  in  its  range,  very  little  adjustment  being  ob- 
tained by  it. 

A  method  of  holding  the  turning  tool  somewhat  similar  to  that  just 
described  is  shown  at  D.  Here  the  tool  rests  on  the  body  of  a  screw  g 
instead  of  on  a  block.  These  two  methods  of  adjusting  the  tool  can 
only  be  used  for  certain  classes  of  work.  A  method  which  allows  of 
more  adjustment  is  shown  at  E,  Here  the  tool  is  adjusted  and  held  by 
three  set-screws,  thus  allowing  it  to  be  adjusted  for  various  diameters, 
with  the  face  of  the  tool  held  in  a  plane  parallel  to  the  horizontal  center 
line. 

The  methods  shown  at  C,  D  and  E  are  very  seldom  used  for  finishing 
box-tools;  they  are  used  principaUy  for  roughing  box-tools.  At  F  is 
shown  the  method  of  adjusting  the  turning  tool  holder  which  is  usually 
applied  to  finishing  box-tools.  Here  the  tool  is  held  in  a  block  h  which 
is  adjusted  up  and  down  on  the  body  of  the  holder  by  means  of  set- 
screw  i;  the  block  is  held,  when  in  the  desired  position,  by  cap-screw  j. 
This  block  has  a  groove  in  it  which  fits  on  a  tongue  formed  on  the 
box-tool  body,  thus  holding  the  tool-holder  rigidly. 

At  G  is  shown  a  method  similar  to  that  just  described,  but  the  turn- 
ing tool  is  in  this  case  held  in  the  holder  in  a  manner  similar  to  that 
shown  at  C,  By  this  means  the  cutter  may  be  set  at  a  slight  angle 
from  the  horizontal  center  line,  thus  giving  it  more  clearance,  as  is 
sometimes  necessary,  especially  when  cutting  steel.  A  slight  adjust- 
ment of  the  tool,  independently  of  the  tool-holder  is  also  possible. 

It  will  be  seen  from  a  study  of  the  various  methods  shown  that  the 
setting  of  the  tool  cannot  be  accurately  known,  so  that  a  number  of 
trial  cuts  have  to  be  taken  before  the  desired  diameter  is  obtained. 
To  obviate  this  tedious  operation  of  setting  the  tool,  a  micrometer 
screw  is  used  for  setting  the  box-tool  cutter  to  the  correct  diameter,  as 
shown  at  H  and  7.  This  micrometer  screw  k  has  two  shoulders  on  it 
and  is  screwed  into  the  body  of  the  holder,  the  body  of  the  screw  being 
made  a  good  fit  in  the  block  shown  in  detail  at  7.  The  hole  in  block  I 
through  which  screw  .A;  passes  is  slotted  out  to  the  edge  as  shown,  to 
facilitate  assembling  the  screw  in  the  block.  A  40-pitch  thread  is  cut 
on  this  screw,  so  that  for  one  revolution  of  the  screw  the  turning  tool 
is  moved  up  or  down,  as  the  case  may  be,  a  distance  equal  to  0.025  inch. 
By  making  this  screw  a  good  fit  in  the  body  of  the  holder  and  the  block, 
it  is  possible  to  get  the  desired  diameter  without  much  trouble.  The 
block  is  held  to  the  body  of  the  holder  in  the  same  manner  as  that 
shown  at  F  and  Q, 
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A  good  method  of  holding  two  or  more  turning  tools  for  roughing  is 
shown  at  J,  the  holder,  of  course,  being  made  with  the  desired  number 
of  projecting  lugs  or  tool-holders  m.  The  tool  in  this  case  is  held  in  a 
stud  n,  which  has  a  square  hole  cut  in  it  to  receive  the  tool.  This  hole 
is  cut  at  an  angle  with  the  face,  so  that  the  tool  is  set  at  the  desired 
angle.  Two  set-screws  o  are  used  to  prevent  the  tool  from  turning 
under  the  pressure  of  the  cut,  and  also  to  permit  of  a  slight  adjust- 
ment of  the  tool.  As  can  be  seen,  this  tool  is  limited  in  its  scope,  the 
changes  for  diameter  beiiig  accomplished  by  means  oi  the  set-screws  6, 
and  also  by  moving  the  turning  tool  in  or  out  a  slight  amount.  This 
method  of  holding  a  turning  tool  is  used  mostly  for  roughing  work  and 
is  applied  in  a  manner  similar  to  that  shown  at  E,  Fig.  2. 

Application  of  Box- tool  8up];>ort8  to  the  Work 

The  type  of  suw>ort  to  use  and  the  method  of  applying  it  are  gov- 
erned largely  by  the  following  conditions: 

1.  Shape  of  the  stock,  whether  round  or  otherwise; 

2.  Character  of  the  cut,  whether  taper  or  otherwise; 

3.  Nature  of  the  material,  whether  soft  or  hard; 

4.  Number  of  different  diameters  to  be  turned; 

5.  Length  of  the  work  being  turned; 

6.  Clearance  allowablfe  between  the  face  of  the  circular  form 
tool  and  box-tool. 

These  various  points  should  be  taken  into  consideration  before  de- 
signing a  box-tool. 

At  A  in  Fig.  4  is  shown  a  box-tool  support,  which  is  commonly  used 
in  roughing  box-tools.  This  support  envelopes  the  work  and  precedes 
the  turning  tool.  It  is  used  mainly  for  turning  down  cylindrical  work 
in  which  the  finished  diameter  is  to  be  concentric  with  the  part  which 
is  not  finished,  that  is,  which  has  not  had  a  cut  taken  from  it.  Where 
the  work  being  turned  projects  more  than  five  times  its  diameter  from 
the  chuck,  and  is  of  large  diameter,  it  is  not  advisable  to  use  a  bush* 
ing  support,  unless  the  stock  is  reduced  by  the  circular  cut-off  tool,  as 
previously  described. 

At  B  is  shown  a  support  which  is  recommended  by  some  authorities 
for  finishing  box-tools.  As  a  rule  this  support  should  be  used  sparingly, 
and  in  fact,  the  writer  would  suggest  that  It  be  entirely  dispensed  with, 
particularly  where  the  work  has  not  been  previously  turned.  There 
are  several  objections  to  this  support,  especially  when  it  is  made  solid 
with  the  holder,  among  which  the  following  might  be  given:  As  this 
support  does  not  envelope  the  work,  a  bar  which  is  larger  in  diameter 
than  the  hole  in  the  support  can  be  turned;  therefore,  the  support 
throws  the  bar  to  one  side,  so  that  it  is  not  in  line  with  the  chuck,  thus 
producing  work  which  is  not  straight,  but  slightly  tapered.  At  times 
this  is  objectionable,  and  can  be  avoided  if  an  adjustable  support  is 
used.  It  is  also  sometimes  suggested  to  drill  this  support  in  the  ma- 
chine in  which  it  is  to  be  used,  and  after  hardening,  to  lap  it  in  the 
machine  also.  This  seems  a  roundabout  way  to  make  a  support  for  a 
box-tool,  when  it  is  a  very  simple  matter  to  have  the  box-tool  support 
adjustable. 
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The  support  shown  at  C  has  none  of  the  objectionable  features  men- 
tioned regarding  that  shown  at  B.  This  support  is  commonly  called  a 
V-support,  and  has  a  twoi^oint  bearing  on  the  work.  As  shown  in  the 
illustration,  the  thrust  from  the  tool  is  against  both  supports.  As  a 
rule,  this  support  should  not  precede  the  cutting  tool,  for  the  reason 
that  if  the  work  is  not  cylindrical  in  shape,  the  irregularities  of  the 
bar  will  be  reproduced  on  the  work  that  is  turned.  Hence,  when  using 
a  V-support  it  is  always  best  to  have  the  cutting  tool  precede  the  sup- 
port an  amount  varying  from  0.010  to  0.015  Uich.  This  V-aupport  can 
be  used  for  brass,  steel  and  similar  materials,  and  gives  satisfactory 
results  when  it  does  not  precede  the  turning  tool. 

In  turning  cast  iron,  aluminum  or  materials  of  a  similar  character, 
difficulty  is  sometimes  encountered  in  producing  a  finished  surface  on 


Flff.  4.    Method  of  Appljinff  Box<tool  Supports  to  the  Work 

the  work.  This  is  usually  due  to  fine  chips  or  dust  getting  in  between 
the  supports  and  the  work,  thus  causing  an  abrasive  action  which 
roughens  the  work.  It  is,  therefore,  advisable  when  turning  aluminum, 
cast  iron  or  materials  of  a  similar  character,  to  use  roller  supports. 
One  method  of  applying  the  roller  supports  is  shown  at  D.  These 
rollers  should  be  hardened  and  ground,  and  it  is  usu&Uy  preferable  to 
lap  them  also,  so  that  they  are  very  smooth.  This  support  is  also  used 
when  turning  machine  steel,  and  is  made  to  bear  rather  hard  against 
the  work,  which  gives  it  a  burnished  appearance. 

Another  support  which  is  sometimes  used  for  cast  iron  is  shown  at 
E.  This  gives  a  two-point  bearing,  and  allows  the  tool  to  be  set  ra- 
dially to  the  work.  This  support,  however,  is  not  as  good  as  the  roller 
support. 

At  F  is  shown  a  method  of  supporting  the  work  when  applying  two 
turning  tools  to  it.  This  method  is  used  principally  for  roughing  down 
steel  work.  The  supports,  as  shown,  are  set  at  right  angles  to  the  tools. 
This  manner  of  turning  steel  work  is  used  largely  when  it  is  necessary 
to  rough  down  the  work  from  a  large  to  a  small  diameter  in  the  least 
possible  time. 
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Ad  a  rule,  supports  for  box-tools  should  be  made  from  high-carbon 
steel,  left  glass  hard,  and  given  a  very  smooth  finish,  which  is  one  of 
the  chief  requirements  of  a  box-tool  support. 

Holding  and  Actuating  Boz-tool  Supports 

There  are  various  methods  used  for  holding  and  adjusting  box  tool 
supports,  •some  of  which  are  shown  in  Fig.  5.  At  A  is  shown  a  com- 
mon method  of  holding  a  bushing  support.  The  bushing  is  driven  into 
the  body  of  the  holder  and  is  held  with  a  cone-pointed  screw  a,  which 
is  located  in  a  spot  drilled  in  the  bushing.  The  bushing  as  shown  is 
straight,  but  it  is  sometimes  advisable  to  make  the  bushing  with  a 
shoulder  on  it,  so  that  if  a  large  piece  of  stock  is  encountered,  it  will 
not  force  the  bushing  back  against  the  cutting  tool.  Of  course,  this  is 
an  extreme  case,  and  where  the  stock  varies  to  such  an  extent,  the 
bushing  support  should  not  be  used.  At  B  is  shown  a  method  of  hold- 
ing a  support  similar  to  that  shown  at  B  in  Pig.  4.  The  adjustment 
in  this  case,  however,  is  only  longitudinally  along  the  body  of  the 
holder,  there  being  no  provision  for  variations  in  diameter.  At  C  ia 
shown  one  method  of  holding  a  V-support.  A  rectangular  hole  is  cut 
in  the  body  of  the  holder  in  which  the  supports  fit.  When  in  position, 
the  supports  are  held  by  the  set-screw  h.  This  method  of  holding  a 
V-6upport  is  commonly  used  for  both  roughing  and  finishing  box-tools, 
when  one  cutting  tool  is  applied  to  the  work,  and  sometimes  when  two 
cutting  tools  are  used  so  close  together  that  it  is  only  necessary  to 
support  the  work  at  one  place. 

At  D  is  shown  a  method  of  holding  a  V-support  when  it  is  necessary 
to  apply  more  than  one  support  to  the  work,  as  in  the  case  when  turn- 
ing down  to  more  than  one  diameter  at  a  time.  This  support  is  held 
in  a  movable  block  c,  which  is  adjusted  along  the  body  of  the  holder. 
This  block  c  is  held  to  the  holder  by  the  cap-screw  d,  A  slot  is  cut  in 
the  body  of  the  holder,  in  which  this  cap-screw  is  adjusted,  and  a  groove 
is  also  cut  in  the  holder  to  fit  a  projection  formed  on  the  base  of  the 
block  c.  The  supports  are  held  in  the  block  by  means  of  a  set-screw, 
as  at  C. 

These  last  two  methods  are  principally  for  box-tools  used  for  turning 
brass  or  a  similar  class  of  materials,  in  which  the  cutter  is  set  radially 
to  the  work.  At  E  is  shown  a  common  method  of  applying  the  V-sup- 
port to  a  box-tool  used  for  cutting  steel  and  work  of  a  similar  character. 
This  method  of  applying  the  support  is  used  when  the  cutting  tool  is 
set  tangentially  with  the  work.  The  support  is  held  in  a  rectangular 
hole  cut  in  the  bo5y  of  the  box-tool,  by  a  set-screw,  as  shown. 

The  methods  shown  at  C,  D  and  E  are  limited  in  their  scope,  to  a 
certain  extent,  owing  to  the  fact  that  they  cannot  be  used  in  conjunc- 
tion with  a  circular  form  tool  when  it  is  necessary  to  have  the  tool 
work  closer  to  the  forming  tool  than  the  thickness  of  the  web  e.  For 
this  class  of  work  the  method  of  holding  the  support  shown  at  F  is 
commonly  used.  This  support  is  beveled  as  shown,  and  set  in  a  corre- 
spondingly beveled  slot  cut  in  the  front  end  of  the  box-tool  body.    As 
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it  would  be  impossible  to  bind  these  supports  by  having  a  screw  press- 
ing on  top  of  them,  it  is  necessary  to  split  the  body  of  the  holder,  and 
have  screws  pass  through  the  two  parts,  binding  them  together.  A 
clearance  hole  for  the  body  of  the  screw  is  drillbd  in  the  upper  part, 
while  the  lower  part  is  tapped  out  to  fit  the  screw.  As  this  method 
depends  on  the  elasticity  of  the  material,  it  is  usually  best  to  drill  a 
hole  of  from  %  to  %  inch  in  diameter  at  the  rear  end  of  the  slot,  to 
facilitate  the  drawing  of  the  two  parts  of  the  body  together,  which  is 
necessary  to  bind  the  supports  in  a  rigid  manner.  There  is  one  objec- 
tion to  this  method  of  holding  the  support,  viz.,  the  difficulty  of  apply- 
ing the  turning  tool  (in  some  cases),  due  to  the  fact  that  it  comes  very 
close  to  the  face  of  the  box-tool. 
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As  was  previously  mentioned,  difficulty  is  sometimes  encountered  in 
turning  cast  iron,  aluminum  and  materials  of  a  similar  character, 
owing  to  fine  chips  or  dust  getting  in  between  the  box-tool  supports 
and  the  work.  It  was  also  mentioned  that  roller  supports  were  advis- 
able for  this  class  of  work.  At  G  is  shown  a  method  of  applying  roller 
supports.  These  roller  supports  are  held  in  two  movable  members,  / 
and  (7,  which,  in  turn,  are  fastened  to  the  body  of  the  holder  by  the 
tlamping  screw  h.  These  members,  /  and  g,  are  cut  out  so  that  they 
fit  into  each  other  and  form  a  sort  of  "mortised"  joint  As  the  clamp- 
ing screw  h  would  not  be  sufficient  to  hold  these  roller-support  holders 
against  the  pressure  of  the  cut,  they  are  held  in  the  correct  position  by 
large-headed  screws  i,  which  are  screwed  into  the  body  of  the  holder. 

At  H  is  shown  another  method  of  applying  roller  supports.  In  this 
case  the  supports  are  held  on  two  sliding  holders,  ;  and  k,  which  slide 
in  grooves  cut  in  the  box-tool  body.  They  are  adjusted  in  and  out  to 
the  required  diameter,  and  held  by  the  clamping  screws,  as  shown. 
This  method  of  holding  the  supports  is  more  rigid  than  that  described 
in  connection  with  G,  and  should  in  most  cases  be  used  in  preference. 
There  are  numerous  other  methods  of  holding  roller  supports,  but  they 
are  all  of  a  somewhat  similar  character  to  those  already  shown.  Natur- 
ally, there  are  various  conditions  which  govern  the  method  of  applying 
these  supports. 

The  methods  of  holding  supports  illustrated  in  Fig.  5  are  those  gen- 
erally used  in  standard  box-tools,  and  do  not  include  those  used  for 
special  conditions.  Special  applications  of  box-tool  supports  will  be 
dealt  with  in  a  following  chapter. 

Outting-angles  for  Boz-tool  Cutters 

It  is  not  sufficient  to  hold  a  box-tool  cutter  rigidly,  and  support  the 
work  well,  to  obtain  good  results,  but  it  is  also  necessary  to  have  suffi- 
cient clearance,  and  the  correct  cutting  angle  on  the  tool.  That  is,  the 
tool  must  have  sufficient  clearance  and  rake,  so  as  to  remove  the  ma- 
terial with  the  least  possible  resistance  and  power.  The  manner  in 
which  the  tool  is  applied  to  the  work,  and  the  material  on  which  it 
operates,  govern  the  cutting  angle  on  the  tool.  Generally,  in  automatic 
screw  machine  work,  for  cutting  brass,  the  box-tool  cutter  is  set  ra- 
dially to  the  center,  as  shown  at  A  in  Fig.  6.  For  taking  a  roughing 
cut  on  brass  with  the  turning  tool  set  radially  to  the  work,  the  tool 
should  be  ground  to  the  shape  here  shown. 

When  taking  a  finishing  cut  on  brass  work,  the  tool  is  ground  to  the 
shape  shown  at  B.  Here  a  portion  of  the  cutting  surface,  equal  to  the 
distance  &,  is  made  straight,  so  as  to  produce  a  smooth  finish  on  the 
work.  For  usual  conditions  h  equals  1/5  of  the  smallest  diameter  of 
the  work  being  turned.  It  will  be  noticed  in  both  these  cases  that  the 
tool  is  not  set  at  an  angle  with  the  face  of  the  work,  but  is  set  parallel 
with  it  While  this  method  of  setting  the  tool  can  be  used  for  brass 
work,  it  is  not  advisable  for  steel  work.  A  turning  tool  set  tangentlally 
with  the  work  is  shown  at  C.  The  angles  on  the  tool  for  cutting  the 
materials  specified  in  the  following  are  as  follows: 
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Cuttimr-anffles  for  Machine  Steel 

a  =  10  degrees, 

ft^lO  degrees, 

c  =  8  to  10  degrees, 

d  =  70  to  72  degrees. 


Cuttinir-anffles  for  Tool  Steel 

a  =  8  degrees, 
6  =  8  degrees, 
c==8  to  10  degrees, 
d  =  72  to  74  degrees. 


The  method  of  grinding  the  tool  shown  at  C  is  commonly  used  for 
roughing  cuts,  and  will  not  produce  an  absolutely  square  shoulder  on 
the  work.  For  finishing  cuts  the  tool  is  ground  as  shown  at  D,  which 
produces  a  square  shoulder  on  the  work.  The  cutting  angles  for  the 
materials  specified  below  are  as  follows: 


Cuttinir-fltnirles  for  Machine  Steel 

e  =  from  10  to  12  degrees, 
/  =  from  15  to  18  degrees, 
(jr  =  from  60  to  65  degrees. 


Cuttinir-anflrles  for  Tool  Steel 
e  =  from  8  to  10  degrees, 
/  =  from  8  to  10  degrees, 
17  =  from  70  to  74  degrees. 


h^'' 


END  VIEW       I'  I  \ 


Maehintrii,ir,r, 


Flff.  0.    Ottttlnff-Mifflee  for  Box*tool  Cutters 

While  the  cutting  face  on  the  tool  shown  at  D  is  straight,  it  is  usu- 
ally advisable,  especially  when  cutting  machine  steel  and  Norway  iron, 
to  give  more  *'lip"  to  the  tool,  as  is  clearly  shown  by  the  dotted  line  h. 
This  produces  a  curling  chip  and  is  conducive  to  better  and  more  effi- 
cient cutting.  It  is  also  advisable  in  most  cases  to  make  the  turning 
tools  for  box-tools  from  high-speed  steel,  especially  for  cutting  machine 
steel,  Norway  iron,  etc.,  because  better  results  are  obtained  by  using  a 
high  peripheral  velocity  and  a  fine  feed. 

A<!Uu8ting  the  Tangent  Cutter  for  Turning  Different  Diameters 

The  use  of  the  so-called  "tangent"  cutter  has  been  found  to  be  the 
most  satisfactory  method  of  applying  a  box-tool  cutter  for  cutting  ma- 
chine steel,  Norway  iron,  etc.,  although  this  method  of  applying  the 
cutter  is  also  sometimes  used  for  cutting  brass.     In  Fig.  7  is  shown 
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the  manner  of  setting  a  tangent  cutter.  The  face  of  the  cutter  should 
be  set  at  a  distance  d  back  of  the  center.  This  gives  the  tool  more 
clearance,  and  is  conducive  to  a  cleaner  and  better  cutting  action.  The 
distance  d  should  be  equal  to  about  1/8Z)  for  tool  steel,  and  1/lOD  for 
Norway  iron  and  machine  steel,  where  D  equals  the  diameter  to  which 

the  work  is  being  turned.  When 
the  tangent  cutter  is  adjuBted  for 
a  larger  diameter,  it  should  also 
be  set  back  enough  so  that  dt 
bears  the  same  relation  to  the 
larger  diameter  as  d  does  to  the 
smaller.  (See  the  dotted  lines.) 
It  is  also  sometimes  advisable, 
especially  when  cutting  machine 
steel,  to  set  up  the  tool  from  the 
horizontal  at  an  angle  of  from 
1  to  2  degrees,  which  increases 
the  clearance  of  the  tool.  This  is  accomplished  by  means  of  adjusting 
screws,  as  is  clearly  illustrated  in  Pig.  3. 

SeotionB  of  Steel  used  for  Boz-tool  Cutters 
BoX'tool  cutters  should  not  be  made  of  too  weak  a  croas-section,  espe- 
cially for  roughing,  although  a  rigid  tool  is  also  required  for  finishing. 
The  conditions  under  which  a  box-tool  cutter  is  used  govern  to  a  large 
extent  the  cross-section  of  the  tool.  For  special  conditions,  the  tool  is 
sometimes  made  of  rectangular  section,  but  for  standard  box-tools,  it  is 
made  from  square  stock.  The  square  sections  recommended  for  box-tool 
cutters  are  as  follows: 


Flff.  7.    Adjiuitliiff  »  Tamrent  Ontter  for 
Tnmlnv  Different  Diameters 


Lwffest  Diameter 
of  Work 
in  Inches 

h 
I 


Square  Section 

of  Tool 

in  Inches 

i 


Largest  Diameter 
of  Work 
in  Inches 


Square  Section 

ofTool 

in  Inches 

I 


Where  box-tools  are  to  be  used  excluaively  for  taking  light  finishing 
cuts,  the  sections  given  above  can  be  slightly  decreased. 
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DBSIGNINa  BOX-TOOLS 

The  designer  of  screw-machine  tools  is  frequently  confronted  with 
difficulties  when  designing  special  box-tools,  owing  to  the  fact  that  the 
Brown  &  Sharpe  automatic  screw  machines  are  very  compact.  This 
makes  it  necessary  to  design  all  the  tools  so  that  they  will  not  interfere 
with  any  part  of  the  machine  or  the  tools  which  are  used  on  the  cross- 
slides.    The  following  considerations  must  also  be  borne  in  mind: 

1.  Character  of  material,  whether  rough  or  cold-drawn. 

2.  Cross-section  of  the  material,  whether  cylindrical,  square,  or 
hexagonal,  etc. 


E^irl 


I    LEAST  OWTANCE 
1 0REATC8T  0I8TAN0E  WHEN 
CAM  18  CUT  DOWN   13^'aCLOW 
LARGEST  DIAMETER»4K" 
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Fiff.  8.    Method  Of  DetTmlnlng  Length  of  Body  and  Shank  of  Box-tool 

3.  Character  of  the  longitudinal  cut,  whether  straight,  tapered  or 
irregular. 

4.  Length  of  the  work  to  be  turned. 

5.  Number  of  different  diameters  to  be  turned. 

6.  Posit'ion  of  the  box-tool  in  relation  to  the  cross-slide  tools,  when 
in  action  on  the  work. 

7.  Amount  of  material  to  be  removed  from  the  diameter. 

In  addition  to  the  factors  mentioned,  one  of  the  first  things  to  con- 
sider when  designing  a  box-tool  is  the  length  of  the  body  and  shank 
of  the  tool.  As  a  rule,  the  length  of  the  body  is  governed  by  the  length 
of  the  work  to  be  turned,  especially  when  the  hole  in  the  shank  cannot 
be  made  large  enough  to  let  the  smallest  diameter  of  the  work  pass 
through.  Another  consideration  to  take  into  account  is  the  distance 
from  the  center  of  the  hole  in  the  turret  to  the  side  of  the  chute.  This 
limits  the  width  of  the  box-tool,  and  is  a  governing  factor  in  its  design. 
Still  another  point  which  might  be  mentioned  is  the  distance  between 
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the  point  where  the  box-tool  cutter  finishes  on  the  work,  and  the  face 
of  the  chuck.  When  this  is  less  than  ^  inch  it  is  usually  necessary  to 
have  the  cutter  project  slightly  in  advance  of  the  face  of  the  box-tool 
body. 

If  a  special  box-tool  is  to  be  designed,  it  is  advisable  to  make  a  lay- 
out of  the  machine  on  which  this  tool  is  to  be  used.  A  plan  and  side 
elevation  of  the  turret  and  cross-slides  should  be  drawn,  and  the  tools 
used  on  the  cross-slide  should  also  be  drawn  in  the  positions  they  will 
occupy  when  the  box-tool  is  in  operation  on  the  work. 

A  method  of  laying  out  a  box- 
tool  for  determining  the  length 
of  the  body  and  shank  is  shown 
in  Fig.  8.  This  diagram  is  for 
a  No.  0  machine,  but  the  same 
principle  can  be  used  for  the 
other  sizes.  When  designing  a 
standard  box-tool,  the  body  is 
made  about  %  inch  less  than 
the  least  distance  between  the 
face  of  the  turret  and  the  face 
of  the  chuck.  The  shank  Is  al- 
lowed to  project  through  the  tur- 
ret to  within  %  inch  of  the  %- 
All  the  other  important  points 


Fi^r*  O.  Standard  Box-tool  made  by  the 
Brown  A  Sharpe  Mtg.  Go. 


inch  hole  through  the  turret  spindle 
regarding  the  design  and  uses  of  supports,  turning-tool  holders,  etc., 
have  been  dealt  with  in  the  previous  chapter,  so  It  will  not  be  neces- 
sary to  enlarge  on  them  here. 

Various  Types  of  Box- tools 

As  there  are  so  many  designs  of-  box-tools  In  use,  it  will  be  impossible 
to  mention  all  of  them,  but  a  few  of  the  most  common  designs  will  be 
described.  In  Fig.  9  is  shown  a  standard  box-tool,  as  made  by  the 
Brown  &  Sharpe  Mfg.  Co.  This  box-tool,  as  shown,  carries  two  cutting 
tools.  The  tools  rest  on  a  pin  d  and  are  held  by  set-screws  a  and  2),  and 
by  two  other  set-screws,  not  shown,  which  are  on  the  under  sidje  of  the 
box-tool.  The  support  which  is  of  the  V-type,  is  located  at  the  back  of 
the  box-tool  at  an  angle  of  45  degrees  with  the  vertical  center  line,  and 
is  held  by  the  set-screw  c.  This  box-tool  is  used  for  general  work,  for 
turning  both  one  and  two  diameters,  as  required.  When  one  diameter 
is  being  turned,  the  cutter  in  the  rear  is  pushed  back,  out  of  action. 

In  Fig.  10  is  shown  a  standard  finishing  box-tool  which  is  used 
largely  for  steel  work.  In  this  box-tool  the  turning  tool  is  held  in  an 
adjustable  block  A  which  is  adjusted  up  and  down  on  the  body  of  the 
holder  by  the  set-screw  B,  and  held  to  the  body  by  the  cap-screw  C.  A 
projection  is  formed  on  the  body  of  the  box-tool  and  a  corresponding 
groove  is  cut  in  the  block  to  guide.  The  turning  tool  is  held  by  means 
of  two  set-screws  D  and  the  headless  screws  E.  These  latter  are  for 
adjusting  the  turning  tool,  in  order  to  increase  the  clearance  between 
the  tool  and  the  periphery  of  the  work. 
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The  V-eupport  is  held  in  beveled  grooves,  cut  in  the  body  of  the 
holder,  by  two  screws  F  which  pass  through  the  two  parts  of  the  body 
separated  by  a  saw  cut  thus  binding  them  together.  The  cutting  edge 
of  the  turning  tool  is  located  from  0.010  to  0.012  inch  in  advance  of 
the  face  of  the  supports.    A  hole  is  drilled  through  the  shank  of  the 
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Fiff.  lO,    Finlshlnir  Box-tool  largely  uswl  for  Steel  Work 

box-tool   for  holding  a   pointing   tool   or   other   internal   cutting  tool, 
which  is  held  with  the  set-screw  O. 

The  value  of  roller  supports  for  turning  aluminum,  cast  iron,  etc., 
has  been  referred  to,  and  in  Fig.  12  is  shown  a  box-tool  of  the  roller- 
support  type,  as  made  by  the  Brown  &  Sharpe  Mfg.  Co.  This  box-tool, 
as  may  be  seen,  is  provided  with  roller  support  for  the  front  cutter, 
and  V-support  for  the  rear  cutter. 


Fiff.  11.    Details  of  Box- tool  shown  in  Fig.  12 

The  general  design  of  this  box-tool  can  be  seen  in  Pig.  11.  This 
illustration  shows  the  method  of  holding  and  adjusting  the  roller  sup- 
ports. The  supports  A  are  held  by  pins  in  a  slot  cut  in  the  two  blocks 
D,  which  are  adjusted  in  and  out  by  the  knurled-head  screws  C.  The 
blocks  B  are  held  to  the  body  of  the  box-tool  by  cap-screws  D  which  are 
tapped  into  them.  A  slot  is  cut  in  the  body  of  the  holder  in  which  the 
bodies  of  the  cap-screws  slide,  thus  providing  adjustment  for  turning 
different  diameters.  All  the  other  details  of  this  box-tool  can  be  clearly 
seen  from  the  illustration. 
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Some'N  interesting  designs  of  box-tools  are  shown  in  Fig.  13.  These 
tools  are  all  made  by  the  Brown  &  Sharpe  Mfg.  Co.,  and  are  used  for 
various  classes  of  work.  At  A  is  shown  a  box-tool  which  is  equipped 
with  three  turning  tools,  and  three  sets  of  V-supports.  The  turning-tool 
and  V-support  holders  a,  h  and  c  are  made  in  one  piece  and  are  held  to 
the  body  of  the  box-tool  by  cap-screws.  A  tongue  is  formed  on  the 
base  of  the  holders,  which  fits  in  a  longitudinal  groove  cut  in  the  box- 
tool  body.  It  will  be  noticed  that  the  supports  in  this  case  are  double 
supports,  that  is,  they  are  notched  on  both  ends,  the  purpose  of  this 
being  to  increase  their  range.  The  end  of  the  support  shown  facing 
the  turning  tool  is  for  work  of  small  diameter,  while  the  end  projecting 
from  the  box-tool  is  for  work  of  a  larger  diameter.    This  box-tool  can 


Flir-  12.    Box-tool  of  the  Roller  Sup];>ort  Type 

be  used  either  for  roughing  or  for  finishing  work,  and  is  especially 
adaptable  to  work  having  three  different  diameters. 

At  B  is  shown  a  box-tool  with  two  cutting  tools,  but  with  only  one 
support.  It  will  be  noticed  in  this  case  that  the  holders  for  the  turn- 
ing tools  are  very  narrow,  thus  permitting  the  tools  to  be  set  close 
together.  The  box-tool  shown  at  C  has  two  turning  tools  which  are 
set  close  together.  A  hole  is  drilled  through  the  shank,  and  a  set-screw 
is  provided  for  holding  a  centering  or  other  internal  cutting  tool.  At  D 
is  another  box-tool  similar  to  that  shown  at  C,  except  that  the  supports 
in  this  case  are  double-ended.  E  is  a.  finishing  box-tool  having  two 
turning  tools.  F  is  a  box-tool  of  similar  design,  but  carrying  only  one 
turning  tool.  G  is  a  pointing  and  centering  tool,  the  bushing  for  which 
is  shown  at  H.  /  is  a  pointing  tool  of  a  somewhat  similar  design  to 
that  shown  at  O.  J  and  K  are  also  pointing  tools  which  are  used 
largely  for  small  work.  These  illustrations  show  clearly  the  design  of 
box-tools  which  are  used,  in  general,  for  automatic  screw  machine  work. 
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Swing  tools,  besides  being  used  extensively  for  Internal  cutting,  are 
also  used  for  external  work.  There  are  some  cases  where  a  box-tool  or 
a  circular  form  tool  cannot  be  used,  owing  to  the  Irregular  contour  of 
the  work,  or  Its  length  in  proportion  to  its  diameter.  A  form  tool  can 
be  used  where  the  length  of  the  work  being  turned  is  not  more  than 
from  2%  to  3  times  its  diameter,  but  when  it  exceeds  this,  it  is  neces- 
sary to  use  some  other  type.  For  this  class  of  work,  a  swing  tool  such 
as  that  shown  in  Fig.  14  can  be  used  to  advantage.  The  work  can  be 
roughed  down  with  this  tool  and  finished  with  a  shaving  tool,  which 
will  bring  it  to  the  correct  shape,  and  also  to  the  desired  diameter. 
(The  use  of  shaving  tools  will  be  taken  up  in  a  subsequent  chapter.) 
This  tool,  of  course,  can  only  be  used  when  the  diameter  of  the  work 
is  large  enough  to  make  a  support  unnecessary. 


Flcr.  17.    8wlnff-tool  uaed  wh«n  the  Work  Tamed  must  b«  Bapporfd 

The  swing  tool  shown  in  Fig.  14  can  be  used  on  work  of  small  diam- 
eter by  the  insertion  of  the  support  shown  In  Fig.  15.  This  support  is 
inserted  In  the  hole  in  the  shank  of  the  holder  and  is  held  by  a  set- 
screw  screwed  into  the  shank.  The  support  B  is  of  the  V-type  and 
is  held  by  a  set-screw  A.  They  are  set  in  advance  of  the  turning  tool, 
so  that  the  work  will  be  well  supported  while  being  turned.  In  cases 
where  there  }s  not  sufficient  room  to  use  a  support  as  shown  in  Fig.  15, 
a  support  as  shown  in  Fig.  16  can  be  used.  This  support  precedes  the 
cutting  tool,  and  half  of  the  support  is  cut  away  at  C,  about  %  inch 
from  the  end,  so  that  the  turning  tool  can  reach  the  work. 

Another  tool  which  gives  very  satisfactory  results  for  this  class  of 
work  is  shown  in  Fig.  17.  This  tool  is  provided  with  a  telescopic  sup- 
port which  recedes  into  the  holder  as  the  tool  advances  on  the  work. 
The  other  features  of  this  tool  are  similar  in  design  to  the  standard 
swing  tools.  Mention  might  be  made,  however,  of  the  method  of  hold- 
ing the  telescopic  support  A,  A  sleeve  B  is  driven  into  the  body  and 
shank  of  the  holder  C,  and  is  held  by  the  headless  screw  D.  The  sup- 
port proper  is  turned  down  on  the  shank,  so  that  an  open-wound  coil 
spring  can  be  inserted  behind  it     The  support  is  kept  from  being 
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forced  out  of  the  holder  by  a  screw  E  which  Is  tapped  Into  It,  and 
which  has  a  head  larger  than  the  hole  through  the  end  of  sleeve  B, 
This  method  of  supporting  the  work  is  found  to  give  satisfactory  re- 
sults when  turning  work  of  very  small  diameter.  It  Is  preferable,  when 
using  this  tool,  to  point  the  end  of  the  work  so  that  it  fits  snugly  in 
the  cone-pointed  hole  in  the  end  of  the  support. 

A  tool  for  delicate  turning  similar  to  that  in  Fig.  17,  is  shown  in 
Fig.  18,  where  the  rising  block  which  operates  it  is  also  shown.  The 
only  difference  in  this  tool  from  that  just  described  is  that  the  turning 
tool  W  is  off-set.  The  turning  tool  is  held  as  shown  in  the  swinging 
member  V,  which  is  pivoted  to  the  front  end  of  the  shank  7*  by  a 
stud  U.  The  tool  W  is  fed  in  to  the  work  by  the  pusher  8  pressing 
against  the  set-screw  y,  tapped  into  the  swinging  -member  Y. 

Thus  far  we  have  confined  our  attention  to  tools  used  for  straight 
turning;  but,  of  course,  taper  work  can  also  be  done  on  the  automatic 

screw  machine  if  a  suit- 
able tool  is  provided. 
A  tool  which  can  be 
used  for  taper  turning 
is  shown  in  Fig.  19. 
This  is  the  standard 
taper  turning  tool  made 
by  the  Brown  &  Sharpe 
Mfg.  Co.  and  is  recom- 
mended for  taper  turn- 
ing when  accurate 
work  is  desired.  The 
illustration  shows  the 
taper  turning  tool  and 
the  rising  block  for  op- 
erating it.  This  rising 
block  can  be  set  at  any 
desired  angle;  the  an- 
gle to  which  the  rising 
block  is.  set,  governs 
the  taper  on  the  work. 

Pl».  18.    Swing  Tool  for  Delicate  Turning  When   in  Operation,  thlS 

rising  block  presses  on  the  point  of  screw  a.  which  forces  the  holders 
carrying  the  supports  and  turning  tool  out  from  the  center. 

A  clearer  idea  of  the  operation  of  this  taper  turning  tool  can  be 
obtained  by  referring  to  Fig.  20.  In  this  illustration  an  end  view, 
longitudinal  section  and  cross-section  are  shown  at  A,  B  and  C,  re- 
spectively, to  illustrate  the  working  mechanism  of  this  tool.  As  the 
rising  block  (shown  in  Fig.  19)  presses  against  the  point  of  the 
screw  a,  which  is  tapped  into  sleeve  &,  it  forces  the  latter  in  the 
direction  of  the  arrow.  Now  as  the  sleeve  h  is  forced  in,  it  pulls  on  the 
band  spring  c,  which  is  attached  to  the  circular  block  d,  thus  turning 
the  latter  around  in  the  direction  of  the  arrow.  The  band  spring  is 
made   from   sheet  steel,   5/16   inch   wide  by   0.012   inch   thick,   which 
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is  left  soft.  This  spring,  as  shown,  is  fastened  in  a  slot  out  In  the 
circular  block  d.  The  circular  block  d  has  eccentric  projections  e 
formed  on  it,  which  fit  in  slots  cut  in  the  tool-holder  /  and  support- 
holders  g.  From  a  study  of  the  illustration  it  can  be  seen  that  as  the 
sleeve  h  is  forced  in,  it  carries  the  spring  c  forward,  thus  rotating  the 
circular  block  d  in  the  direction  of  the  arrow  and  forcing  the  holders 
carrying  the  supports  and  turning  tools  out  from  the  center. 


Flff.  10.    Stcuidard  Taper  Turnluff  Tool 

In  the  end  view  shown  at  A  the  turning  tool  and  support  holders  are 
shown  in  the  position  they  occupy  before  the  rising  block  operates  on 
the  holder.  The  supports  and  turning  tool  can  be  adjusted  independ- 
ently of  each  other  by  the  set-screws  7i,  and  are  held  by  the  fillister 
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Flff.  ao.    Details  of  Taper  Turning  Tool  shown  In  Fig.  19 

screws  i.  After  the  turret  drops  back,  disconnecting  the  screw  a  from 
the  rising  block,  the  turning  tool  and  supports  are  returned  to  their 
former  position  by  means  of  the  coil  spring  ;  (shown  at  B)  which  is 
held  in  an  annular  groove  cut  in  the  rear  of  the  circular  block  d.  The 
spring  j  presses  against  a  pin  k  (shown  at  C)  which  is  riveted  to  a 
plate  I;  this  plate  is  held  to  the  shank  of  the  bolder  by  a  pin  fitting 
in  a  slot.  Plate  I  is  held  up  against  the  outer  casing  of  the  holder  by 
the  nut  m,  screwed  onto  the  shank  of  the  holder. 
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HOLLOW  MILLS— SPEEDS  AND  FEEDS 

For  roughing  down  work,  especially  brass  work,  a  hollow  mill  Is 
found  to  give  very  satisfactory  results.  Two  hollow  mills  of  the  solid 
type  are  shown  in  Fig.  21.  These  hollow  mills  are  ground  for  steel 
work,  a  rake  being  given  to  the  cutting  edge.  This  is  found  to  give 
better  results  on  steel  •  than  hanring  the  cutting  faces  of  the  blades 
parallel  with  the  center  line. 


Flff.  fll.    HoUow  MUls  of  the  Solid  Type 

The  proportions  for  hollow  mills  and  the  cutting  angles  for  various 
materials  are  given  In  Table  I.  The  sizes  from  0.065  to  0.462  inch 
given  in  column  A  are  worked  out  for  roughing  mills  for  the  A.  S.  M.  E. 
standard  and  special  machine  screw  sizes,  an  allowance  of  from  0.005  to 
0.015  inch  being  made  for  finishing.  These  mills  can  be  made  to  cut 
smaller  by  using  a  collar  on  them.  In  making  these  hollow  mills,  they 
should  be  reamed  out  tapering  from  the  rear,  so  that  the  blades  will  clear 


Fiff.  22.    HoUow  MiU  ot  the  Inserted-blade  Tjrpe 

'and  not  drag  on  the  work.  A  taper  of  from  about  1/8  to  3/16  inch 
per  foot  is  generally  satisfactory.  For  steel  work  the  cutting  edge 
is  set  about  1/10  of  the  diameter  ahead  of  the  center,  but  for  brass 
work  it  should  be  on  the  center  line.  Hollow  mills  for  cutting  steel 
are,  as  a  rule,  made  either  from  steel  containing  a  very  high  percentage 
of  carbon,  or  from  high-speed  steel.  When  high  speeds  are  used,  high- 
speed steel  is  preferable. 

A  hollow  mill  of  the  inserted-blade  type  is  shown  in  Fig.  22.     This 
is    used    extensively    for    screw    machine    work;    although    its    use    is 
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Cattlnff  Anfflea  for  HoUow  MOls 
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mainly  confined  to  hand  screw  machines  it  is  sometimes  also  applied 
to  the  automatics.  This  mill  is  provided  with  three  cutting  blades, 
which  are  held  in  the  body  of  the  holder  by  clamp-bolts  fitting  ip 
beveled  slots  cut  in  the  blades.  The  clamp-bolts  are  held  by  means  of 
nuts  locitted  at  the  rear  of  the  body.  The  blades  are  sharpened  by  grind- 
ing on  the  ends,  and  can  be  adjusted  for  diameter  by  simply  releasing 
the  nuts  and  moving  the  blades  out  or  in  by  hand. 

Hollow  Mill  Holders 
When  hollow  mills  of  the  solid  type  are  used,  it  is  necessary  to  have 
a  holder  which  can  be  set  so  that  the  mill  will  cut  concentric.     A 


TABLB  n.    FSBDa  FOR  BOUQHINO  BOX-TOOLS— CUTTBRS  ICADB  FBOH 
HIOH-BPBBD  AND  CARBON  GITBBL 
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holder  which  is  used  for  this  purpose,  and  which  gives  satisfactory 
results,  is  ^he  standard  fioating  holder  made  by  the  Brown  k  Sharpe 
Mfg.  Co.  In  setting  a  hollow  mill,  the  screws  holding  the  floating  part 
of  the  holder  to  the  body  proper  are  released  and  the  mill  is  set  con- 
centric. It  is  desirable  to  turn  a  bevel  on  the  end  of  the  work  to 
facilitate  the  setting  of  the  hollow  mill. 

Speeds  for  External  Cutting  Tools 

The  following  speeds  are  for  external  cutting  tools  such  as  box-tool 
cutters,  hollow  mills,  etc.,  made  from  ordinary  carbon  and  higtbspeed 
steel,  but  do  not  apply  to  circular  cut-off  or  form  tools.  The  speeds  are 
intended  for  average  conditions  on  the  materials  specified. 
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\  FOB  BOX-TOOL  OUTTBRS  AND  HOLLOW  MILLS  MADB  FBOM 
ORDINABT  CABBON  8TBBL 

Surface  Speed  in  Feet 
Material  perMinate 

Brass  (ordinary  quality) 170  —  180 

Gun  screw  iron 70  —   80 

Norway  iron  and  machine  steel 60  —  70 

Drill  rod  and  tool  steel 35—40 

SPBBDB  FOB  BOX-TOOL  OUTTBBB  AND  HOLLOW  MILLS  MADB  FBOM 
HIOH-BPBBD.  STBBL 

Surface  Speed  In  Feet 
Material  P^  Minute 

Brass  (ordinary  quality) 250—  270 

Gun  screw  iron 100  — 120 

Norway  iron  and  machine  steel 90  — 100 

Drill  rod  and  tool  steel 50—   60 


TABLB  in.    FBBDS  FOB  FINISHING  BOX-TOOLS— CUTTBBS  MADB  FBOM 
HIOH-SPBBD  AND  OABBON  STBBL 
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Feeds  for  Bouffbinff  and  Pinishinff  Box-tools 
In  Table  II  are  given  feeds  for  roughing  box-tools  in  which  the 
cutters  are  made  from  highspeed  and  carbon  steel,  and  in  Table  III 
are  given  feeds  for  finishing  box-tools  in  which  the  cutters  are  made 
from  high-speed  and  carbon  steel.  These  feeds  will  give  satisfactory 
results  under  proper  conditions.  The  feeds  for  roughing,  of  course, 
could  in  some  cases  be  increased  if  conditions  would  permit,  but  as  a 
rule  the  feeds  given  are  sufficiently  high. 
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TAMiM  TV.    VEMDB  POB  TUBNINQ  WITH  SWZNQ  TOOLS-OUTTBBS  MADB 
FBOM  HZQH-SPBBD  AND  CARBON  STBSL 
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TABIA  V. 


FBBD8  FOR  HOLLOW  lOLLS  MADB  FROM  HIOH-BPBBD 
AND  CARBON  BTBBL 
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Feeds  for  Turning  with  Swinff  Tools 
Owing  to  the  fact  that  swing  tools  are  not  so  rigidly  constructed  as 
the  ordinary  box-tools,  it  has  been  found  advisable  to  decrease  the 
feeds  slightly  below  those  used  for  box-tools.  Feeds  which  have  been 
found  satisfactory  for  straight  turning  with  swing  tools  are  given  in 
Table  IV.  These  feeds  are  about  30  per  cent  leas  than  those  used  for 
box-tools. 

Feeds  for  Taper  Triminff 

For  taper  or  irregular  turning  with  swing  tools,  the  greatest  depth 
of  the  chip  should  be  considered,  and  the  same  feed  used  as  that  given 
in  Table  IV.  For  taper  turning  with  the  Brown  ft  Sharpe  standard 
taper  turning  tools,  the  greatest  depth  should  be  considered,  and  the 
same  feed  used  as  given  in  Tables  II  and  III  for  roughing  and  finishing 
cuts,  respectively.  Where  the  taper  is  greater  than  M  inch  per  foot, 
it  is  advisable  to  use  two  taper  turning  tools,  one  for  roughing,  and 
one  for  finishing. 

Feeds  for  Hollow  Mills 

In  Table  V  are  given  feeds  for  hollow  mills  which  are  made  from 
ordinary  cdrbon  or  high-speed  steel.  These  feeds  apply  both  to  hollow 
mills  of  the  solid  and  Inserted-blade  types  and  are  for  taking  a  chip 
of  from  1/16  to  1/4  inch  deep.  The  feeds  given  are  not  excessively 
high,  and  in  some  cases  could  be  increased,  especially  when  the  work 
is  not  exceedingly  long,  and  when  the  tool  would  not  be  on  the  work 
for  a  considerable  time. 
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When  it  is  necessary  to  form  the  end  of  the  work  cone-shaped  and 
produce  a  sharp  point,  a  tool  which  is  fed  in  similarly  to  an  ordinary 
cut-off  tool  does  not  give  satisfactory  results.  An  example  of  this  class 
of  work  and  the  attachment  used  for  forming  it  are  shown  in  Fig.  23. 
The  work,  which  is  shown  at  A,  is  a  hlank  for  a  combination  drill  and 
countersink.  The  angular  cutting-o£F  attachment  consists  mainly  of  a 
bracket  B,  which  is  fastened  to  the  machine  by  two  cap-screws  C.  These 
screws  are  located  in  the  holes  which  are  used  for  fastening  the  slot- 
ting, cross-drilling  and  burring  attachments  to  the  machine.  The  slid- 
ing member  D,  fitting  in  dovetailed  grooves  cut  in  the  bracket  B,  is 
used  for  holding  an  ordinary  circular  forming  tool  E,  which  Is  held  to 
this  sliding  member  by  cap-screw  F.  The  usual  means  for  adjusting 
the  circular  tool  is  provided;  this  consists  of  an  eccentric  cap-screw  O 
and  a  plate  H.    The  eopentric  screw  G  is  locked  by  screw  /. 

Attached  to  the  sliding  member  D  is  a  rack  J  held  by  a  screw  JT  in  a 
groove  cut  in  the  slide.  This  rack  meshes  with  gear  L  which,  in  turn, 
meshes  with  gear  M  in  contact  with  rack  2f.  Rack  N  is  attached  to 
the  cross-slide  by  means  of  a  block  0  held  in  the  T-slot  cut  in  the 
cross-slide,  by  a  block  Q  and  two  screws  P.  The  gears  L  and  M  are 
held  on  studs  R  and  S  ^tted  with  bronze  sleeves  on  which  the  gears 
rotate.  These  bronze  sleeves  are  provided  with  oil  grooves,  and  oil 
holes  are  drilled  through  the  studs,  so  that  a  copious  supply  of  oil 
is  given  to  the  bearings. 

The  operation  of  this  attachment  is  as  follows:  As  the  cross-slide 
advances,  rack  ^  attached  to  it  rotates  gear  M  which,  in  turn,  through 
gear  L  and  rack  J,  forces  slide  D  in  as  indicated.  Slide  D  is  returned 
to  its  former  position  in  a  similar  manner  when  the  cross-slide  drops 
back.  The  circular  tool  E  follows  a  diagonal  line  of  travel  so  that 
the  point  on  the  work  is  turned  to  the  correct  angle.  Thus  a  very  fine 
point  can  be  made  on  the  work,  as  no  pressure  is  brought  to  bear  on 
the  part  being  severed,  the  weight  of  the  work  alone  breaking  it  off. 

An  angular  turning  tool  which  is  constructed  on  a  different  principle 
from  that  shown  in  Fig.  23  is  shown  in  Fig.  24.  This  tool  is  held  in 
the  turret,  and  is  operated  by  a  rising  block  held  on  the  cross-slide. 
The  construction  of  this  tool  is  as  follows:  Attached  to  the  body  A  by 
a  shouldered  screw  B  is  a  plate  C.  Tapped  into  plate  C  is  a  screw  D, 
checked  by  a  nut  E.  The  sliding  member  F,  fitting  over  dovetailed 
ways  formed  on  the  angular  face  of  holder  A,  is  attached  to  block  C 
by  means  of  a  screw  O,  The  tool-holder  H  is  made  Integral  with  the 
sliding  member  F,  and  holds  the  turning  tool  7,  which  is  held  in  a  slot 
cut  in  the  holder,  by  two  headless  screws  J,  and  rests  on  a  pin  K. 
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In  operation,  as  the  rising  block  presses  on  screw  D,  it  swivels  block 
C  on  screw  B^  and  as  block  C  is  attached  to  slide  F  by  screw  Q,  it 
carries  the  slide  along  the  face  of  the  tool-holder,  thus  turning  the 
recess  in  the  work  as  shown  at  L.  When  the  rising  block  drops  back, 
the   tool-slide  F  is  returned  by  a  coiled  spring  M  held  in  body  A, 
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through  a  spring  plunger  N  pressing  against  a  pin  0  held  in  the  sliding 
member  F.  A  gib  and  adjusting  screws  are  also  provided  to  make  al- 
lowance for  wear.  A  bushing  P  held  in  the  body  of  the  holder  by  a 
screw  Q  supports  the  forward  end  of  the  work,  while  the  recess  is 
being  turned. 

An  angular  cutting-off  tool  which  is  held  in  the  turret  and  operated 
by  a  rising  block  is  shown  in  Figs.  25  and  26.     The  rising-block  for 
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operating  this  tool,  which  Is  held  on  the  front  cross-slide,  is  shown 
in  Fig.  25.  The  construction  of  the  holder,  however,  is  more  clearly 
shc^n  in  Fig.  26.  All  the  parts  in  these  two  illustrations  hear  the  same 
reference  letters.  The  cutting-off  hlade  B  is  held  in  a  slot  in  '  ther 
tool-slide  C  by  adjusting-screws  D  and  F  and  rests  on  pin  E.     Slide 


Flff.  fl4.    B«ok  ReoMSinff  Tool  for  SiamU  Work 

C  is  gibbed  to  a  dovetailed  guide  on  slide  carrier  O.  This  latter 
member  is  pivoted  to  the  body  H  of  the  tool,  the  center  of  the  pivot 
being  the  axis  of  bolt  J,  and  is  clamped  by  screw  K  in  the  proper 
location  to  guide  slide  G  in  forming  the  desired  angle  on  the  point  of 
the  work. 


Fig-.  26.    AnjTUlar  Outtinor-off  Tool  held  In  Tiirret  and  operated 
by  a  Ri8  nj  Block 

The  tool-slide  C  has  attached  to  It  a  rack  which  meshes  with  the 
32-pitch  pinion  L,  pivoted  to  the  under  side  of  G.  Pinion  L  meshes 
with  a  similar  pinion  M  pivoted  in  a  hole  in  the  body  of  the  tool  about 
the  center  of  bolt  J,  so  that  the  correct  relations  between  them  are 
preserved,  whatever  the  angular  adjustment  of  G  on  H.  Pinion  M 
meshes  with  rack-teeth  cut  in  plunger  A".    This  is  best  seen  in  Fig.  26. 
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This  plunger  N,  as  can  be  seen  in  the  side  elevation,  has  at  its  front 
end  a  projection  extending  upward  and  bearing  against  a  plunger  O 
in  the  hole  above  it  which  is  pressed  outward  by  a  spring.  By  this 
means  71  is  normally  kept  at  the  outer  end  of  its  movement,  being 
limited  in  this  direction  by  the  seating  of  screw  P  in  the  recess  pro- 
vided for  it  in  the  body  H  of  the  tool.  In  this  position  the  tool  slide 
is  withdrawn  so  that  the  blade  clears  the  work. 
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Fiff.  20.    Detella  of  Tool  shown  in  Fiff.  26 

The  front  end  of  N  is  provided  with  a  knurled  screw  Q  and  lock-nut 
R.  These  are  so  located  as  to  be  in  line  with  the  pusher  8,  Fig.  26, 
which  is  attached  to  the  front  cross-slide  of  the  machine.  The  cutting- 
off  is  effected  by  the  movement  of  the  cross-slide  and  pusher  fi^.  This 
bears  on  screw  Q,  presses  plunger  tJ  inward,  revolving  pinions  M  and 
Lj  which,  in  turn,  acting  on  the  rack  attached  to  the  tool-slide,  move 
cutter  B  inward,  severing  the  work  from  the  bar  and  forming  the 
bevel  point.  The  length  of  the  inward  travel  of  the  tool  is  adjusted 
by  screw  Q  and  lock-nut  R.  For  this  operation  the  swiveled  member 
8  on  the  rising  block  need  not  be  set  at  an  angle,  as  the  turret  tool 
does  not  travel  along  its  face,  the  pusher  being  used  for  forcing  in 
the  cutting-ofP  slide  only  In  a  radial  direction. 
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When  forming  work  of  Irregular  contour.  In  the  automatic  screw 
machine,  it  is  common  practice  to  use  a  shaving  tool,  which  is  oper- 
ated tangentially  to  the  work  and  passes  either  under  it  or  over  it 
as  conditions  may  require.  It  is  customary  to  place  the  shaving  tool 
on  the  rear  cross-slide,  so  that  the  shaving  operation  can  be  accom- 
plished at  the  same  time  as  the  turret  operations,  when  the  spindle  is 
running  forward. 

Shaving  tools  are  made  from  high-carbon  tool  steel.  On  the  top 
face  of  the  tool  the  irregular  contour  to  be  reproduced  on  the  work  is 


Flff.  S7.    Shavlnff  Tool  for  Forming  Looff  Work 

formed.  High-speed  steel,  as  a  rule,  does  not  give  very  satisfactory 
results,  owing  to  the  fact  that  to  get  the  best  results  from  this  steel, 
high  peripheral  velocities  must  be  used;  but  when  high  peripheral 
velocities  are  used,  the  extreme  cutting  edge  of  a  high-speed  steel  tool 
becoms  ragged  and  will  not  produce  a  smooth  finish. 

It  is  not  necessary,  when  applying  a  shaving  tool  to  the  work,  to 
incline  it  at  an  angle  to  the  horizontal  plane  to  any  great  extent.  The 
best  results  are  obtained  by  holding  the  tool  practically  horizontal, 
so  that  when  passing  under  the  work,  the  forward  end  of  the  tool  is  at 
approximately  the  same  height  as  the  rear  part.  This  produces  a 
smooth  finish  on  the  work,  as  the  shaving  tool  burnishes  it  after  re- 
moving the  material. 

Shaving  tools  are  used  to  follow  a  circular  forming  tool  to  produce 
a  smooth  finish,  as  well  as  to  completely  form  the  work,  finishing  it 
without  having  rough  formed  it  with  any  other  tool.  Where  the  work 
has  not  been  roughed  down  previous  to  shaving,  a  larger  cutting  angle 
is  necessary,  and  if  the  work  is  long  in  proportion  to  its  diameter,  the 


Digitized  by  VjOOQ  IC 


SHAVING  TOOLS  35 

tool  should  be  ground  with  two  cutting  angles  A  and  B,  as  shown  in 
Fig.  27,  so  that  the  extreme  point  of  the  tool  will  be  where  the  greatest 
amount  of  material  is  to  be  removed.  This  produces  a  shearing  cut 
and  remoyes  the  material  more  easily.  The  angles  on  the  type  of 
shaving  tool  shown  in  Pig.  27  for  cutting  the  materials  specified  below 
are  as  follows: 

Material  Cottinflr-aiifflea  in  Dcffreas 

Brass  rod A  =  20.  B  =  30,  C  =  10; 

Machine  steel A  =  30,  B  =  40,  C=15; 

Tool   steel A  =  40,  B  =  50,  (7=15; 

While  the  shaving  tool  shown  in  Fig.  27  is  used  extensively  on  the 
automatic  screw  machine,  it  is  difficult  to  harden  because  of  its  length. 
If  sufficient  care  is  not  exercised  it  will  be  distorted,  and  when  the  con- 
tour is  of  such  a  shape  that  it  is  impossible  to  grind  the  form  after 
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Flff.  28.    Type  of  Bhavinff  Tool  used  in  ttas  Bhavlnff-tool  Holder 
shown  in  Fi^.  99 

hardening,  this  becomes  an  objectionable  feature.  A  shaving  tool 
which  does  not  present  the  same  difficulty  in  hardening  is  shown  in 
Fig.  28.  This  shaving  tool  is  a  short  block  which  is  held  in  the  holder 
shown  in  Fig.  29.  A  support  is  also  provided  so  that  the  work  need 
not  be  supported  from  the  turret  except  when  the  length  being  shaved 
is  long  in  proportion  to  the  diameter.  Owing  to  the  rigidity  of  the 
support  the  cutting-angle  can  be  less  than  the  angle  A  shown  in  Fig. 
27.  The  cutting-angles  on  the  shaving  tool  shown  in  Fig.  28  for  cutting 
various  materials  are  as  follows: 

Material  Cuttin^r-anffles 

Brass   rod o  =  10  deg.  /9  =  10  deg. 

Machine  steel o  =  15  deg.  /3  =:  15  deg. 

Tool  steel a  =  20  deg.  /8  =  15  deg. 

The  chief  use  of  this  tool  is  for  finishing  work  after  it  has  been 
rough  formed  with  a  circular  form  or  other  external  cutting  tool.  As 
the  support  passes  over  the  work  after  shaving,  a  burnished  appearance 
is  the  result;  of  course,  it  is  absolutely  necessary  to  have  the  faces 
of  the  shaving  tool  and  sui^ort  polished   if  good  results  are  to   be 
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expected.  The  first  step  in  making  the  shaving  tool  shown  in  Fig.  28 
is  to  form  it  into  a  block  as  shown  at  A.  A  saw  slot  a  is  cut  at  the 
desired  angle,  so  that  part  h  can  be  broken  off  after  the  shape  required 
is  milled  on  the  top  face  and  the  tool  hardened  and  polished.  The 
polishing  can  be  accomplished  in  a  milling  machine  by  holding  a  piece 
of  brass  or  copper  in  a  chuck,  the  outer  end  of  the  brass  being  formed 
to  the  contour  of  the  toal.  Emery  is  applied  to  this  lap,  and  by  run- 
ning the  carriage  back  and  forth  with  the  shaving  tool  held  in  the 
vise,  a  very  smooth  finish  can  be  obtained.  After  the  tool  is  polished, 
part  h  is  broken  off  and  the  tool  ground  as  shown  at  B.  By  leaving 
part  h  on  until  the  tool  is  polished,  the  cutting  edge  will  not  be  rounded 
and  the  tool  can  be  more  easily  polished. 

For  cutting  machine  or  tool  steel  it  is  preferable  to  make  the  shaving 
tool  thinner  at  the  rear  end  to  provide  for  clearance.    Making  the  tool 
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Flff.  89.    Sh«Tinff-tool  Holder  which  can  be  used  for 
a  Wide  Bcunffe  of  Work 

from  0.001  to  0.0025  inch  thinner  at  the  rear  than  at  the  front  end, 
gives  the  desired  result.  This  can  be  accomplished  by  packing  up  the 
rear  end  when  milling  the  form  on  the  tool.  This  type  of  shaving 
tool  when  used  on  steel  should  not  be  used  for  rough  forming,  but  for 
finishing  only. 

When  the  work  is  rough  formed  before  shaving,  the  amounts  to  be 
removed  from  the  diameters  are  as  follows: 

Amount  to  Remove 
Diameter  in  Inches 

Up  to   M, 0.0050 

%  —  % 0.0075 

%  —  % 0.0100 

%  —  % 0.0150 

Shavinff  Tool  Holders 

It  is  necessary  to  hold  a  shaving  tool  rigidly  if  good  results  are 
to  be  expected,  and  if  the  work  Is  small  in  diameter  in  proportion  to 
the  length  being  shaved,  it  is  also  necessary  to  use  a  support.  A 
shaving-to^l  holder  which  will  be  found  satisfactory  for  this  class 
of  work  is  shown  in  Fig.  29.     This  holder  is  held  on  the  rear  cross- 
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8]ld€  and  consists  of  a  macbine^teel  body  A,  which  is  held  to  the  cross- 
slide  by  means  of  the  nut  and  bolt  B  and  C,  the  latter  fitting  in  the 
groove  in  the  cross-slide.  The  shaving  tool  D  and  support  E  are  held 
to  the  two  members  F  and  O  by  screws  as  shown.  A  tongue  is  formed 
on  members  F  and  Q  which  fits  in  grooves  cut  in  the  shaving  tool  and 
support 

Gib  H  is  provided  for  raising  shaving  tool  D  to  the  correct  height. 
It  is  operated  by  collar-ecrew  7,  fitting  into  a  slot  in  the  gib  and 
screwed  into  the  base  of  holder  A.  The  gib  J  is  provided  for  increasing 
and  diminishing  the  distance  between  shaving  tool  D  and  support  E, 
thus  governing  the  diameter  of  the  work.  A  collar-screw  K,  fitting 
in  a  slot  cut  in  gib  J  and  tapped  into  the  holder,  is  used  for  adjusting 
the  gib.  When  members  F  and  G  are  set  correctly,  they  are  held  in 
the  body  A  by  means  of  screws  L,  M  and  If.    Elongated  slots  P  are 
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provided  in  holder  A,  so  as  to  allow  screws  L  and  M  to  be  moved  up 
and  down,  which  provides  for  adjustment  for  different  diameters. 

The  ordinary  adjustable  block  provided  in  the  toolposts  for  holding 
circular  tools  is  also  provided  in  this  holder.  This  block  Q  is  adjusted 
by  screws  Ry  and  is  used  for  setting  the  side  of  the  shaving  tool  parallel 
with  the  face  of  the  chuck.  The  front  edge  of  the  support  E  should 
have  the  same  face  angle  as  the  shaving  tool  D,  but  should  be  set  a 
distance  equal  to  1/40  of  the  diameter  of  the  work  back  from  the  face 
of  the  shaving  tool. 

In  Fig.  30  is  shown  a  shaving-tool  holder  for  holding  a  shaving  tool 
of  the  type  shown  in  Fig.  27,  which  is  operated  from  the  rear  cross- 
slide.  This  holder  is  of  the  box  type,  and  a  tapered  gib  A  is  provided 
for  adjusting  the  tool  for  various  heights.  This  gib  ^s  actuated  by 
screw  B,  fitting  in  a  slot  cut  in  the  gib  and  screwed  into  the  holder. 
Set-screws  C  prevent  lateral  movement  of  the  shaving  tool,  and  a  pad  D, 
operated  by  two  set-screws  E,  holds  the  shaiving  tool  down  on  the 
adjustable  gib.  This  pad  D  is  made  with  the  same  contour  on  its  lower 
face  as  the  shaving  tool  so  that  it  will  hold  the  latter  rigidly.  Where 
the  contour  of  the  tool  is  of  a  shape  difficult  to  make,  it  is,  however, 
customary  to  have  the  pad  bear  only  on  two  or  three  points.  A  screw  F 
is  provided  for  holding  the  pad  when  the  shaving  tool  is  removed. 
The  shaving-tool  holder  is  held  to  the  cross-slide  in  the  same  manner 
as  the  circular-tool  holder. 
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A  shaving-tool  and  cut-off-tool  holder  combined  is  shown  in  Fig.  31. 
This  type  of  holder  is  used  when  one  of  the  cross-slides  is  occupied  by 
a  forming  tool.  The  construction  is  similar  to  that  shown  in  Fig.  30, 
except  for  the  additional  provision  for  holding  the  cut-off  tool  blade  A, 
This  is  held  in  a  groove  cut  in  the  holder,  by  a  block  B  which,  in  turn. 
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Fiff.  81.    Oombination  Oat-otf  mod  ShaTlnff-tool  Holder 

is  held  by  the  cap-screw  C.  When  using  a  combination  shaving  and 
cut-off  tool  of  this  kind,  provision  must  be  made  so  that  the  work  when 
cut  off  will  not  stay  on  the  shaving  tool.  A  simple  device  for  over- 
coming this  difficulty  is  shown  in  Fig.  32.  This  consists  simply  of 
a  split  ring  A  which  is  held  on  the  hood  over  the  chuck  by  cap-screw  B. 


Pig-.  82.    Bjeotor  used 


In  OonxMetlon  y/fith  the  8haviDflr>tool  Holder 
shown  in  Fiff.  81 


A  wire  rod  C,  which  is  so  located  that  it  will  remove  the  work  from 
the  shaving  tool  when  the  cross-slide  drops  back,  is  held  in  ring  A 
by  a  headless  screw  D, 

In  Fig.  33  is  shown  the  holder  which  was  used  for  holding  the 
shaving  tool  shown  in  Fig.  27.  This  holder  differs  somewhat  from 
those  previously  described  in  that  provision  is  made  for  raising  the 
front  end  of  the  shaving  tool.    The  shaving  tool  rests  on  a  pin  A  and  is 
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adjusted  by  two  set-screws  B.  The  object  in  making  this  adjustment 
is  to  provide  for  clearance,  which  is  necessary  on  account  of  the  wide 
bearing  surface. 

Speeds  and  ^eeda  for  Shaylnir 

As  a  rule,  shaving  tools  can  be  operated  at  the  same  speed  as  circular 
form  tools,  the  speeds  for  which  were  given  in  Part  III  of  this 
treatise,  Machinery's  Reference  Book  No.  101,  "Circular  Form  and  Cut- 
off Tools  for  the  Brown  k  Sharpe  Automatic  Screw  Machine." 

The  feed  at  which  a  shaving  tool  can  be  operated  satisfactorily  is 
governed  largely  by  the  following  conditions: 

1.  Amount  of  material  to  be  removed. 

2.  Character  of  the  material. 

3.  Angle  of  the  cutting  edge. 

4.  Length  of  the  work  in  proportion  to  the  diameter. 


i  V>,  f?  B:!^A 


Maehinery,  jr.T. 


FUr.  88.    BhATlUff-tool  Holder  for  Itontr  Work 

The  amount  of  material  to  be  removed  should,  to  a  large  extent, 
govern  the  angle  of  the  cutting  edge,  and  is  a  more  important  factor 
than  is  the  nature  of  the  material.  Owing  also  to  the  extra  amount  of 
cutting  surface  and  insufficient  clearance,  a  shaving  tool  cannot  be  fed 
at  the  same  rate  of  feed  as  a  circular  form  tool  can.  That  is  to  say, 
to  remove  the  same  amount  of  material  requires  a  greater  number  of 
revolutions  with  a  shaving  tool  than  with  a  circular  form  tool.  Where 
the  length  of  the  work  is  more  than  three  and  one-half  times  its^  di- 
ameter, a  support  should  be  used.  This  has  been  taken  into  account 
when  arranging  Table  VI,  and  it  should  be  understood  that  the  feeds 
given  under  the  heavy  lines  should  be  used  only  when  the  work  is 
supported. 

It  is  evident  from  the  foregoing  that  the  feed  should  be  decreased 
when  the  cutting  angle  is  decreased,  and,  on  the  other  hand,  the  feed 
should  be  increased  when  the  cutting  angle  is  increased.  The- feeds 
given  above  the  heavy  lines  in  Table  VI  are  applicable  to  shaving  tools 
having  the  angles  given  in  reference  to  Fig.  27,  while  the  feeds  below 
the  heavy  lines  are  for  shaving  tools  having  the  angles  given  in  refer- 
ence to  Fig.  28,  and  also  for  the  angles  given  in  reference  to  Fig.  27 
when  a  support  is  used.  When  a  shaving  tool  and  support  of  the  type 
shown  in  Fig.  29  are  used,  the  feeds  above  the  heavy  lines  in  Table  VI 
can  be  increased  50  per  cent  with  satisfactory  results. 


Digitized  by  VjOOQ  IC 


9o.  50.  Principle!  mid  Practice  of  As- 
•esatallAg'  MJicliizie  Tools*   {'art    1. 

Ho,  51.  Prmciples  and  Practice  of  Ae- 
e«inlili^g  Mactune  Tools,  Vnri  II. 

Mo,  52.  Advanced  Sliop  Arithmetic  for 
Um  MactHiList. 

STo.  53.  trie  of  ^og^riUune  and  ^orar- 
iULmlc  Tables, 

Mo.  54.  Solntioii  of  Triangle e,  Part  I. 
—  M*-tfiuflH,    Rul+jM    and    Examples. 

Wo,  56.  Solntlon  of  Triangles,  Part  II. 
— ^TiLbl^e   of    Naliiral    FuncLiuns. 

Mo.  56.  BaII  Bearings. — ^Principles  of 
I>esleu  and  ConsiiiKtion. 

Mo.  57.  Mstal  Spinning* — M  a  c  h  1  n  e  a, 
Tools  and  Methods  U«e<l. 

m^  68.  Melleal  and  Slllptic  Springs.— 
Calculation  and  I>e»lKn. 

Mo.  S9.  MaclLlnes.  Toole  and  Metliods 
of  Antomoblle  Mannfacture* 

mo*  GO,  Coasimctlon  and  Manufacture 
of  Antomoblles. 

Mo.  ei.  Blacksmith  Shop  Practice.— 
Model  LJlucksmitli  «h»>p:  W»'Mlrig;  Forp:- 
Ing^  of    Hfioks  And   Chains;    Miscellanetius. 

Mo»  63.  Hardness  and  SnrahlUty  Test- 
ing of  Metals. 

Mo.  63.  Meat  Treatment  of  Steel. — 
Hardening,    T*-mperlnR,   i.\)>it'-Utirtl<Mitng. 

Mo.  64.     Oage  Making  and  I^apping. 

Mo.  65.  Formnlas  and  Constants  fox 
Otts  engine  Bealgn. 

Wo.  66.  Heating  and  Ventilation  of 
Shops  and  Qmoet, 

Wo*  67.     BoIUm* 

Boiler     Fnmaces     and     Chlm* 


Mo*  68. 
a#ya. 

Mo.  69. 

Mo.  70. 

Mo.  71, 

Mo.  72. 


Feed  Water  AppUanees« 
Steam  Engine  s. 
Steam  Tnrhines. 
Pnmps,  Condensers,  Steam  and 
MTatcr  Piping. 

Mo.  73.  Principles  and  Applications  of 
Blectridty,  Piirt  I— i?i:iti-  i:if'- trlrlty* 
K  ]  .;■  I  I  r  I  "Tit  I    M »'  a  »  u  r».*ni  ^n  t  ,s ,    LJa  1 1 1-  r  i  <  ■  > . 

Mo.  74.  Principles  and  Applications  of 
Eleetridty.  Purl  H,— Mn^i;.  IImui;  Elec- 
tro Magnetism;     Electroplating?. 

Wo*  75.  Principles  and  Applications  ot 
Mleetrlcity.  Part  in.^Dynamus;  Motors; 
Eluctrlc    Railways. 

Ma.  76.     Principles  and  Applications  of 
Xnectricity.    Part    IV.  — KUntrU     [>l^'1itinp. 
Mo.  77.     Principles  and  Applications  of 
mectrlolty,   Part   V  — T«'U'i;r3ip!i   aad  'IV-le 

Wo,  78i  Prtnclplea  and  AppUcations  of 
Mleetrloit7«  Part  Vi, — TrarisniJssi<jji  of 
Power, 


Mo.  79.  locomotive  Bnlldlagp  Part  L— 
Main  anfl  Sklo  Ruds, 

Mo.  80.  XiOoomotiTe  Bnlldlng,  Part  IL 
— Wheels;  Axles;  Driving  Uoxes. 

Mo.  61.     XiOComotlTe  Bnlldinr*  Part  III. 

Mo.  ra.     ItocomotiTe  BuiMlng,  Part  IV. 

— Valvt'  Mutiuu, 

Mo.  83.  Stocomotlve  Bnlldlng't  Part  V 
— Hriller    Shufi    l*iii<  iktt. 

Mo.  84.  I^oGomotlTe  BfLUding^,  Part  VI. 
— Erecting. 

Mo.  85.  Mechanical  Drawing,  Part  I. 
^lri!*trument.St      Mattrlals;      Gcriraetrloal 

Mo.  86.  Mechanical  Drawing,  Part  IL 
— Projection, 

Mo.  87.  Mechanical  Drawing,  Part  tlL 
— Machine   DftaJLs. 

Mo.  68.  Mechanical  Drawing,  Part  IV. 
— Machine    I»»-tails. 

Mo.  89.  The  Theory  of  Shrinkage  and 
Forced   Pits. 

Mo.  96.     Railway   Repair  Shop  Practice. 

Mo.  91.  Operation  of  Machine  Tools. — 
The    Lathe.   Part   I. 

Wo,  9fl.     Operation  of  Machine  Tools, — 

The    r.ath^^    I'.irt    IL 

Mo.  93.  Operation  of  Machine  Tools.^^ 
I'hUHr,   SfiajH^r.   .Slitter, 

Mo.  94.  Operation  of  Machine  Tools.^ 
UriliiiiK    M.iehirieH. 

Mo.  96.  Operation  of  Machine  Tools. — 
ljt<»ru>K  Maeliinefc. 

Mo.  96.  Operation  of  Machine  Tools.— 
Milling'  Maehmi}^.  I'an    L 

Wo,  97.  Operation  of  Machine  Tools .'- 
MilllriK  MatliiafH.  Part  IL 

Mo.  98.  Operation  of  Machine  Tools. — 
(Irlndtiiki:   Maelkiti*  s. 

Mo.  99.  Automatic  Screw  Machine 
Practice,  Purl  r. — OiKTathm  of  the  Hrtiwn 
iV   .ShiiriM^  AtttMmatie  Screw   M.K'hlne. 

Mo.  100.  Antomatlo        Screw       Machine 

Practice,   P«rt    1 1— 1  loplKnlui;  tmd  <*uttfii« 

Camw    for    ihf    Aulrtmatic   Screw    Alnctiine. 

Mo.  101.  Antomatlc       Screw       Machine 

Practice,  l\nt    111 — <Nreiihn    Fnrmhm  atul 

rut-nrr  T<Mds. 

Mo.  loa.  Antomatlc  Screw  Machine 
Practloe,       rvirt       tV. — Kxl'-raal       t'utling 

TmmIs 

Mo.  103.  Antomatlo        Screw       Machine 

Practice*   Part    V  — hU«-riial  <'uUlnjKr   TfMdf*. 

Wo,  104.  Antomatlc  Screw  Machine 
Practice,   I"ur(    V'l.--Thrpadirj«  t^perat  lorts 

Mo.  105.  Automatic  Screw  Machine 
Practice.    P.irt    VI  I— Knurl  in  jlt   Uperationw, 

Mo.  106.  Automatic  Screw  Machine 
Practice,  Part  VI IL^ — ^"ro«K  Drilling.  Barr- 
ing .tad   Slotting  Gp*?r«tions. 


Al^DmONAI.  T1TLB8  WILL  BB  ANNOUNOBD  IK   MACmrJERY   FROM  TIME  TO  TIME 


MACHINERTS    DATA   SHEET    SERIES 

Hai!Ri:«tiiy*s  Data  Sheet  Books  includf^  the  well  known  series  of  Data  Sheets 
ortsltiaied  by  MArniNKUY.  and  issmd  monthly  as  BiUHilinienls  to  the  i»ubHcatkm: 
of  tlkese  Data  Sheets  over  500  have  heeii  pubHslied.  and  ♦j.UtK^DOO  copies  sold.  He* 
vised  and  greatly  amplirietl,  they  are  now  presented  in  book  form,  kindred  snh- 
jecls  being  grouped  to*;ether.  Tlif*  pnrehaaer  may  secure  either  the  books  oo 
those  subjects  in  which  he  is  apecialty  interested,  or*  if  hi-  pleases,  the  whole  set  at 
one  tlDie.  The  price  of  each  book  1h  2&  cenis  (one  shilling  .dellv<^(;J)gjw|F^ere 
is  th«  world.  o 


CONTENTS  OP  DATA   SHEET   BOOKS 


Ho.  1.  Screw  Threads. — United  States, 
Whit  worth.  Sharp  V-  niid  British  Ak^ooIq- 
tlon  Standard  Tlirojuls;  Brlggs  Piper 
Threiiu:  Oil  Well  Casing  Gages;  Fire  Hose 
CnnneciianB;  Aortic  Thread:  Worrn 
Threads;  Metric  Threads;  Machine,  Wooit, 
and  Lag  Screw  Threads;  Carriage  Bott 
Threads,  etc. 

Bo.  2.  Borews,  Bolta  and  Huta.^ — FH- 
llster-head»  Bqnarp-hoad.  Ilfatlle-SK,  Col- 
la  r-hvad  and  Hc.'X:4goii-hi^ad  Screws;  Stand- 
ard and  Special  Nuts;  T-niits>  T-bults  and 
Washers;  Thumb  Screws  and  Nut«;  A.  L. 
A,  M.  Standard  Screwe  and  Nuts;  Maclilne 
Screw  Heads;  Wood  Screws;  Tap  Drills; 
Lock  Nuts;   Eye-holts,  etc. 

Wa.  3.  Taps  and  Dtaa*^ — Hand,  Machine. 
Tapp^or  and  Machine  Screw  Taps;  Taper 
Die  Taps;  Sellers  Hoba;  Screw  Machine 
Taps;  Straight  and  Taper  Boiler  Taps; 
Stay-bolt,  Washont,  and  Patch -bolt  Taps; 
Pipe  Taps  and  Hobs;  Solid  Square*  Bound 
Adjustable  and  Spring  Screw  Threading 
Dies. 

Vo.  4.  Seazners,  Socket  a,  DrlUa  and 
Milling  Outtera.^HaTid  Reamers;  Shell 
Reamers  and  Arbors;  Pipe  Reamers;  Tapf-r 
Pine  and  Reamers;  Brown  &  Stiarpe, 
Morse  and  Jarno  Taper  Sockets  and  Ream- 
ers; Drills;  Wire  Gages;  Milling  Cutters; 
S<?ttlng  Ani?le»  for  Milling  Teeth  in  End 
Mills  and  Angular  Cutters,  etc. 

Wo.  5,  Spur  Qearlng.— Diametral  and 
Circular  rileh;  TJimensl^^ms  of  Spur  Gearw; 
Tablus  of  Pitch  Dki meters;  Odontograph 
Tables;  Rolling  MHI  Gearing;  Strength  of 
Spur  Gears;  Ilorsepower  Transmitted  by 
Cast-iron  and  Rawhide  Pinions;  Dusign  of 
Spur  Gears;  Weight  of  Cast-iron  Gears; 
Kp  icy  die  Gearing. 

ITo.  6.  Bevel,  Spiral  and  Worm  Oear> 
Ing* — Rules  and  Frirmnlas  for  Bevel 
Gears;  Strength  of  Bevel  Grars:  iJeslga 
of  Hovel  Gears;  Rules  and  Formulas  for 
Spiral  Gearing;  Taljles  Facilitating  Calcu- 
lations; K>lagram  for  Cutters  for  Spiral 
Getirs;  Rubs  and  Formulas  for  Worm 
Gearing,  etc. 

Vo.  7.  Shaftlnff,  Keys  and  ZeTways. — 
Horsepower  of  Shafting;  Diagmmf*  and 
Tables  for  the  Strength  of  Shafting; 
Forcing.  Driving.  Shrinking  and  Running 
Fits;  Woodruff  Keys;  United  Stat«»8  Navy 
Standard  Kcy.s;  Gib  Keys;  Milling  Key- 
ways;   Duplex  Kfys. 

Ho.  B.  Bearlng^s,  ConpUnrSi  CltitobeSt 
Crane  Chain  and  Hooka.— F'Tl low  Blocks; 
Babbitted  BrariuKs;  Ball  arif|  Roller  Bear* 
Jngs;  Clump  Couplings;  Plate  Couplings; 
Flange  Cou filing's;  Tot>th  Clutches;  Crab 
Couplings;  Vout^'  Clutches:  Universal 
Joints;  Crane  Chain;  Chain  Friction; 
Crane  Huuks:  Dm  no  Scores^ 

Vo.  9.  Sprlng-a,  Slides  and  Machine 
HetaUa. — FonnulriK  and  Tables  for  Spring 
Calculations:  Machine  Slides;  Machine 
Handles  and  Levers;  Collars;  Hand 
Wlieels;  Pins  and  Cotters;  Turn-buckles, 
etc 

Wo.  10*  Votor  Drive,  Speed i  and  ^eeds, 
ClmiiF«  Gearing,  and  Borfng  Bars. — Br^Nvr 
nqulr+^d  ff>r  Marliluo  To'ils;  Cutting 
Speeds  and  Feedw  for  Curb«>n  and  Hlgh- 
flpecd  Steel;  Screw  Machine  Speeds  and 
Feeds;    Heat    Treatment    of    High-speed 


Steel  Tools;  Taper  Turning:  Change  Gear- 
ing for  the  Lathe;  Boring  Bars  and  Toole, 
eir. 

Mo.  II.  Sinilng  Macnine  fodexias* 
Clamping-  Devices  and  Flaner  Jacks. — 
Tables  for  Milling  Machine  Indexing; 
Change  Gears  for  Milling  Spirals;  Angles 
for  setting  IndexiiiK  Head  when  Millfng 
Clutches;  Jig  Clamping  Devices;  Straps 
and  Clamps;   Planrr  Jacks. 

no.  12.  pipe  and  Pipe  Pittinga. — Pipe 
Threads  and  Gages,  Caat-lron  Fittings; 
Bronae  Fittings;  Pipe  Flanges;  pipe 
Bends;  Pipe  Clamps  and  Hangers;  Dimen- 
sions of  Pipe  for  Various  Si- r vices,  etc. 

Bo.  13.  Boilers  and  Ctilnineys.^ — Flue 
Spacing  and  Bracing  for  Boilers;  Strength 
of  Boiler  Joints;  Riveting;  Boiler  Setting; 
Chimneys, 

Bo.  14.  locomotive  and  Bailwar  Bata* 
— Locomotive  Boilers;  Bearing  Pressures 
for  Locom,otlve  Journals;  Locomotive 
Cla.HHlfirations;  Rail  Sections;  Frogs, 
Switches  and  Croae-overs;  Tires;  Tractive 
Force;  Inertia  of  Trains;  Brake  Levers; 
Brake  Rods,  etc. 

Bo.  IS.  Steam  and  Gas  Bnirlnes. — Sat- 
urated Steam:  Steam  Pipe  Sixes;  Steana 
Engine  Design;  Volume  of  Cylinders; 
Stuming  Boxes;  Setting  Corliss  Engine 
Volvo  Ge-Hfs:  Condenser  and  Air  Pump 
Data;  HorRCpowpr  of  Cas^dine  Knglnes; 
Automobile    KTiglae    Crankshafts*    etc. 

Bo.  1&  lifothematlcal  TaMes. — Squares 
of  Mixed  Numtiers;  Functions  of  Frac- 
tions; Circumference  and  Diameters  of 
Circles;  Tables  for  Spacing  off  Circles; 
Solution  of  Triangles;  Formulas  for  Solv- 
ing Regular  Polygons;  Geomotrlcal  Pro- 
gression, etc. 

Bo.  17.  affechanioe  and  Strengtb  of  Ma- 
terials.—Work;  Lnergy;  Centrifugal 
Force;  Center  of  Gravity;  Motion:  Fric- 
tU*n;  Pendulum;  Falling  Bodies;  Strength 
of  Materials;  Strength  of  Flat  Plates; 
Ratio  of  Outside  and  Inside  Rudll  of 
Thick  Cylinders,  etc, 

Ko*  18*  Beam  Pormtilas  and  8tracttiT«a 
"Dmmign* — Beam  Formulas;  Secticmal  Mod- 
ult  of  Structural  Shapes;  Beam  Charts; 
Net  Areas  of  Structural  Angles;  Rivet 
Spacing;  Splices  for  Channels  and  I- 
beams;   Stresses   In   Roof  Trusses,   etc. 

Bo.  19.  Belti  Bope  and  Cliain  Drives. — > 
Dimensions  of  Pulleys;  Weiglita  of  Pul- 
leys; Horsepower  of  Belting;  Belt  Veloc- 
ity; Angular  Belt  Drives;  Horsepower 
transmitted  by  Ropes;  Sheaves  for  Rope 
Drive;  Bending  Stresses  in  Wire  Ropes; 
Sprockets  for  Link  Chains;  Formulas  and 
Tables  fur  Various  Classes  of  Driving 
Chatn. 

Bo.  90.  Wlrfng*  Biagrams,  Beatinf  and 
Tentllatlon,  and  Miseellaneons  Tablea*^ — 
Typlcitl  M(>tnr  Wiring  iJia^ranLs;  Reslst- 
anee  of  RHund  Ct'pper  Wire:  Rubber  Cov- 
ered Cnbh'^?;  Current  Dona  I  ties  for  Vari- 
ous Contacts  and  Materials;  Centrifugal 
Fan  and  Blower  Capacities;  Hot  Water 
Main  Capacities;  Mlacellaneous  Tables; 
Decimal  KnulvalentH,  Metric  Conversion 
Tables.  Weights  and  Specific  Gravity  of 
Metals.  Weights  of  Fillets,  Drafting-room 
Conventions,    etc. 

Machiyeby,  ttoe  moTith!y  mccbanlcal  Journal,  or!g1iiator  of  tlie  Reference  and 
Data  Sheet  Serlt-a,  Is  publistxed  In  four  editions— the  Shop  Edttion,  $L0O  a  year; 
the  Engineering  Edition,  $2.00  a  year;  the  Railway  Edition,  |2.00  a  year,  and  tlie 
Fort'ian  Edition,  |3.00  a  year. 

The  Industrial  Press,  Publishers  of  Machinery, 
49-65  Lafayette  SUeet,  Ne^g.^^^^^tflf^^^.  A. 


IICE-:  25  CEN1 


AUTOMATIC  SCREW 
MACHINE  PRACTICE 

INTERNAL  CUTTING  TOOLS  FOR  BROWN  & 
SHARPE  AUTOMATIC  SCREW  MACHINES 

BY  DOUGLAS  T.  HAMILTON 


MACHINERY'S  REFERENCE  BOOK  NO.  103 
PUBLISHED  BY  MACHINERY,  NEW  YORK 


DlgkizedwGuU^k 


MACHINERY'S  REFERENCE  BOOKS 


Tills  treatise  ts  one  unit  in  a  comprelienBlve  Series  of  Reference  books  oHginai 
by  MArmxEriY,  and  including  an  indefinite  number  of  compact  units,  each  covering 
one  subject  thoroughly.     The  whole  Beries  comprises  a  complete  worlting  library 
of  mechanical  lilerature.     The  price  of  each  books  is  25  cents   (one  shilling)   de- 
livered anywhere  In  the  world. 

LIST   OF   REFERENCE   BOOKS 


Wa*  1,  Worm  0«ariiiff.^<ralntilatlng  Dl- 
mr*Ti«lor)a;  Hi>bB ;  I^ication  tff  Pit€li  Cir- 
cle;   Self'LoukiiiK    Worm    Gearing,    €?tc, 

Jto.  2,  Draf  tlaff-aoom  ?  r  a  o  1 1  c  •  . — 
Syatems;  Tnicinir.  L-etterlng  and  Moynt- 
Ing. 

ira.  3-  DHU  Jl^- — Principles  of  Prill 
Jigs;   Jig  Plates i   Examples   of  J1k». 

JTa,  4.  Mminff  FlxtttWi,^ — Principles  of 
Fixtures :    Examples  of    Design. 

Wo.  5,     First   FTiiieli^lei   of   T3i«QTetloal 

Xo.  6>.     Fmnoli    and   UU   Work. — Prliici- 

fles  of  Punch  and  Die  Work;  Making  and 
Jaing  Dies;   Die  and   Punch  Design. 

Vo.  7.  IitttliA  and  piuier  Tools. — Cut- 
ting Tools;  Boring  Tool«;  Shapi*  of  Stan- 
dard Shop  Tools;   Forming  Too  la. 

Vo*  8.  Working  Drawings  and  Draft- 
ing Boom  Kinks. 

Vo*  9.  Besigmlng  and  Gutting  Cams. — 
Drafting  of  CaniH,  ("am  Curves;  Cam  Ue- 
Blgn  and  Cam  Cutting. 

Vo.  10.  ISzamplea  of  Uaclilne  Sliop 
FTftCtlce.^  Timing  Fie  v  el  CJoiirs:  Making 
n   Worm-Gear;   H|>ini3le   Count ruitlon. 

Ho.  11.  Bsarings.^^Detd^jn  of  Bear- 
ings; Can.'^eH  uf  Hot  Bearlng.s;  Alloys 
for  B<iarings;  FrltUt*n  and  Lubrication. 

VO.  la.     out    of   print 

Vo.  13,  Blanking  Dies.— Making  Blank- 
ing Di«i;  Blank  I HK  and  Ph-rcing  Dies; 
Split  Dies;  Novel   Idca»  in   Die  Making. 

VO.  14.  Dstalls  of  ICaoblno  Tool  D0- 
dgn.^^'one  Pulleys  and  Belts;  Strength 
o  f  Co  u  n  t  e  r shafts;  Tumbler  Gear  De sign; 
Faults  of  Iron  Castings. 

Vo*  IS.  Spnr  0#a7tngr — Dimensions; 
Deaign;    Strength:    DurabllUy. 

Vo*  16.  Machine  Tool  DTiTas.--Sp*-f^d» 
and  Feed?i;  Sinjcle  Pulley  Drives;  Drives 
for  High   SpeetJ  Cutting   Tools. 

Vo.  17.  Stowiffth  of  Cylinders,— For- 
mulas.  Churls,   and   Diagrams. 

Vo.  18.  Sliop  Arithnnetio  for  tlis  ICa- 
ellinlst. — Tapirs;  Change  Ooarn;  Culling 
Speed-n;  1"*m'»*Js.  Indexing;  Gearing  for  Cut- 
ting   Sfiirals;    Angles. 

VO,  19.  ITse  of  Formnlas  in  Mechaalos. 
— With  numerous  applications. 

Vo.  90.  Spiral  Osarlng.^ — Hu1es»  Formu- 
las, and  Dla^^rams,  elv. 

Vo.  91.  Measuring  Toola< — Hlflior>*  of 
StJindartl  M*%iwyrements:  Calipers:  Com- 
passes:    Miciraraeter     Tools;     Protractors. 

Vo.  93.  Calculation  of  ISlements  of 
MaoMne  Design. — Factor  of  Safety; 
Btreapih  of  Bolts;  Riveted  Joints;  Keys 
and!   Key  ways;   Toggle-joints. 

Vo*  23.  Tbeorx  of  Craaa  Dsalgri'^Jtb 
Cranes;  Shafts,  Gears,  and  RearluKs; 
Force  to  Move  Crane  Trolleys;  Pillar 
Cranes. 


Vo.  94.    Sxamplea   of   Calenlatiar   Ds- 

signs.— Charts  in  Designing;  l^anrli  and 
Klveii'r  Frames;  Shear  Fnimes;  Billet 
and  Bar  Passes;  etc. 

Vo.  95.  Deep  Mole  Drilling. — Methods 
of  Drilling;  Construction  of  Drills. 

Vo.  36.  Modern  Ptincli  and  Die  Com* 
st ruction. — Construction  and  Cse  of  Sub- 
press  Dliis;  Modern  Blanklnjf  Die  Con- 
struction; Drawing  and  Forming  Dies. 

Vo.  97.  ^oeomotiTs  Design,  Part  I.^ 
Boilers,   Cylinders,   Pipes  and   Pistons. 

Vo«  28.  ILooomotive  Doslgn,  Part  IL — 
Stephenson  and  Walschaerts  Valve  Mo- 
tions;  Theory,   Cyilculatlon   and   Design* 

Vo.  29.  £oeomotiT«  Dsslrnt  Part  I  XL 
— Smokebox;  KxliauMt  Pipe;  Fri»mea; 
Cross-heads;  Guide  Bars;  Connecting-rods; 
Crank-pins;    Axles;    Driving-wheels. 

Vo,  30.  ]&ooomotlTe  Design,  Part  IV.^ 
Springs,   Truckst  Cab  an<i  Tender, 

Vo.  31.     Screw  Tliread  Tooli  and  aaff«9« 

Vo,  33.  Screw  Thread  Cuttlng.^ — Lathe 
Cliunge  Gears.   ThreLnj  Tools;  K^nks. 

Vo.  33.  Systems  and  Practioe  of  thm 
Draftlngvmooin. 

Vo.  34.  Care  and  Bepair  of  Dynamos 
and  Motors. 

Vq.  35.  Tables  and  Fomitilaa  for  Bliop 
and  Draftlng--&oom. — The  Use  of  Formu- 
la.^; Solution  of  Triangles;  Strength  of 
Materiiils;  Gearltig;  .Screw  Threads;  Tap 
DrilLs;    Drill    .Sizes;    Tapers;    Keys,    etc 

Vo.  36.  Xron  and  Steel.^ Principles  of 
Manufacture  and  Treatment. 

Vo.  37.  Bsvel  Gearing-.— Rul«s  and 
Formulas;  Kjtximples  of  Calculation; 
Tooth  Outlines;  Str«^ni?th  and  Durability; 
Design;  Metliods  of  Cutting  Teeth. 

Vo.  3a.     tiut  of  print,     Se©  No.   9S- 

Vo.  39.  Fans,  Ventilation  and  Heatimc* 
—Fans;  Hearers;  Stiop  Heating. 

Vo.  40«  Fly  WUeeU.— T  heir  Purpuac, 
CaliGuiatlon  and   Deslg^n. 

Vo.  41.  JTigi  and  Fixttires,  Part  I.— 
F*rinr|ples  of  Design;  Drill  JIk  Bushings; 
Lioeattng   Points;  Clamping   Devices. 

Vo.  42.  Jigs  and  Fixtures,  Part  11. — 
Open  nnd  Closed  Drill  Jigs. 

Vo.  43.  Jigs  and  Flztnrss,  Part  II I.^ — 
Borinj?  and  MllUnj?  Fixtures, 

Vo.  44.  MacMne  Blacksmlthlng. — Sys- 
tems, Tools  and  Maeiilnes  used, 

Vo.  45.  Drop  Forging.  —  T^y^out  of 
Plant;   Methods  of  Drop   Forging;   Dies. 

Vo.  46.  Hardening  and  Temperinf*-^ 
Hardenlnjr  PlantH;  TreaUnj^  High -Speed 
Steel;        H:inlenlng        Gjij^ei^. 

Vo.  47*  znectrlc  Overliead  Oraasi*— 
Design  and  Calculation, 

Vo.  48.  Files  and  Filing, — Types  of 
Files;   Using  and  Making  Files, 

Vo.  4d.     Olrders  for  Blsctrlo  dvsrbsad 


< 


I 


Cranes. 

{Bmm  Inatde  back  oovsr  fbr  AdiUtiQnal  tlf^^^*^^      ^ 


Digrtized  by  LrrOOQlC 


MACHINERY'S  REFERENCE  SERIES 

EACH   haJMBER  IS   A  UNIT  IN   A   SERIES   ON    ELECTRICAL   AND 

STEAM  ENGINEERING  DRAWING  AND  MACHINE 

DESIGN  AND  SHOP  PRACTICE 


NUMBER  103 


AUTOMATIC  SCREW 
MACHINE  PRACTICE 


PARTY 

INTERNAL  CUTTING  TOOLS  FOR  BROWN  &  SHARPE 
AUTOMATIC  SCREW  MACHINES 

By  Douglas  T.  Hamilton 


CONTENTS 

Centering  and  Drilling  Operations 3 

Counterboring  and  Reaming  Operations      -       -       -  19 

Recessing  Tools  and  Operations 29 


Copjrlffht.  1912,  The  Indattrial  PreM,  Publithers  of  HACHDfnT 
49-66  Lafayette  Street.  New  York  City 


Digitized  by  VjOOQ IC 


Automatic  Screw  Machine  Practice  for  the  Brown  A  Sharpe  auto- 
matic screw  machines  is  covered  in  eight  Reference  Books,  Nos.  99  to 
106,  inclusive.  Reference  Book  No.  99,  "Operation  of  the  Brown  & 
Sharpe  Automatic  Screw  Machines/'  deals  with  the  construction  of 
these  machines  and  the  setting-up  of  the  tools.  No.  100,  "Designing  and 
Cutting  Cams  for  Automatic  Screw  Machines/'  gives  detailed  instruction 
on  cam  design,  and  describes  a  simplified  method  for  milling  cams. 
No.  101,  "Circular  Form  and  Cut-off  Tools  for  the  Automatic  Screw 
Machine/*  deals  with  the  general  arrangement  and  the  calculations  of 
these  tools,  and  describes  the  different  methods  employed  in  their 
making.  No.  102,  "External  Cutting  Tools  for  the  Automatic  Screw 
Machine/'  deals  with  the  design  and  construction  of  box-tools,  taper 
turning  tools,  hollow  mills,  and  shaving  tools.  No.  103,  "Internal  Cut- 
ting Toofs  for  the  Automatic  Screw  Machine,"  deals  with  centering 
tools,  cross-slide  drilling  attachments,  counterbores,  reamers,  and  re- 
cessing tools.  No.  104,  "Threading  Operations  on  the  Automatic  Screw 
Machine,"  treats  on  cam  design  for  threading  operations,  threading 
dies,  taps  and  tap  drills,  die  and  tap  holders,  and  thread  rolling.  No: 
105,  "Knurling  Operations  on  the  Automatic  Screw  Machine/'  describes 
the  construction  of  knurling  holders,  and  gives  directions  for  the  mak- 
ing of  knurls  and  the  design  of  tools  and  cams  used  in  connection  with 
knurling  operations.  No.  106,  "Milling,  Cross-drilling  and  Burring 
Operations  on  the  Automatic  Screw  Machine,"  describes  screw-slotting 
attachments,  index  drilling  attachments,  and  burring  attachments,  giv- 
ing directions  for  their  use  and  ^or  the  design  of  cams  for  them. 
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CHAPTER  I 


OBNTBRINa  AND  DRILLINa  OPERATIONS 

The  conditions  met  with  on  the  Brown  A  Sharpe  automatic  screw 
machines  are  such  that,  for  general  work,  the  simpler  the  design  of 
the  tool  used,  the  more  efficient  the  results  ohtained.  Of  course,  in 
some  cases  it  Is  necessary,  where  difficult  shapes  are  to  he  formed,  to 
make  the  tools  somewhat  complicated,  but  even  then  the  simplest  de- 
sign possible  should  be  adopted.  It  is  obvious  that  in  internal  cutting 
there  is  more  chance  of  the  tool  sticking  and  breaking,  due  to  the  clog- 
ging of  chips  and  improper  lubrication,  than  on  external  work.  It  is 
therefore  necessary  to  make  all  cutting  tools  for  internal  work  with  as 
much  chip  space  as  possble.  and  also  to  provide  means  for  proper  lubri- 
cation. The  periphery  clearance  given  to  the  tools  also  has  an  impor- 
tant bearing  on  their  efficiency.  Where  there  Ls  too  much  cutting 
surface  in  contact  with  the  work,  the  tendency  is  to  produce  rough 
work  and  also  to  break  the  tool,  as  heating  is  developed  at  the  point 
of  contact,  thus  causing  the  tool  and  work  to  seize. 

In  making  complicated  tools  for  internal  work  the  excessive  use  of 
springs,  especially  when  flat,  is  objectionable,  for  if  the  spring  fails 
to  work,  the  cutting  tool  is  generally  broken.  If  a  spring  is  necessary, 
a  coil  spring  should  be  used,  and  provision  should  be  made  to  have  it 
long  enough  so  that  it  will  retain,  as  much  as  possible,  its  initial  ten- 
sion. Springs  for  internal  cutting  tools,  as  well  as  for  other  tools  of 
a  similar  character,  should  always  be  tempered  in  oil,  as  this  increases 
their  life.  The  design  of  an  internal  cutting  tool  is  largely  governed 
by  the  material  which  it  is  to  cut  and  the  amount  of  material  it  is 
required  to  remove. 

Centerinsr  and  Centerinsr  Tools 
When  drilling  holes  which  are  less  than  3/16  inch  in  diameter  it  is 
always  advisable,  especially  when  the  hole  passes  through  the  work,  to 
use  a  starting  or  centering  tool.  At  A  in  Fig.  1  is  shown  a  centering 
tool  which  is  used  for  brass  work,  and  at  B  one  which  is  used  for  steel 
and  soft  iron.  This  latter  tool  is  similar  to  the  ordinary  twist  drill, 
except  that  the  flutes  are  shorter.  A  worn-out  twist  drill  is  sometimes 
used  for  this  purpose,  with  the  point  ground  thin,  as  shown  at  a,  which 
reduces  the  pressure  and  allows  the  drill  to  start  easier.  This  tool  also 
makes  a  better  center  than  would  a  drill  with  a  thicker  point.  The 
included  angle  of  the  cutting  edges  on  a  centering  tool  should  be  less 
than  the  drill  which  is  to  follow.  If  this  is  not  the  case,  the  point 
of  the  drill  will  start  to  cut  before  the  body  of  the  drill  is  properly 
supported;  consequently,  an  imperfect  center  will  be  formed.  If  an 
imperfect  center  has  been  formed,  the  drill  will  run  out,  as  is  clearly 
shown  at  C  in  Pig.  1.    It  can  be  seen  that  it  is  practically  impossible 
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for  a  drill  to  start  concentric  with  the  center  of  the  work  when  a 
small  teat,  as  shown,  has  been  left  by  the  centering  tool.  Using  a 
centering  tool  with  a  more  acute  angle  obviates  this  trouble,  as  the 
body  of  the  drill  is  well  supported  before  the  point  of  the  drill  starts 
to  cut.  This  \s  clearly  shown  at  D  in  Fig.  1.  The  included  angle  of 
the  point  which  has  been  found  most  suitable  for  centering  tools 
varies  from  90  to  100  degrees;  90  degrees  should  be  used,  preferably, 
for  brass,  and  100  degrees  for  steel.  The  included  angle  of  the  point 
of  the  drill  varies  from  118  to  120  degrees,  118  degrees  being  generally 
used  for  the  drill,  as  it  has  been  found  to  give  the  best  results.  In 
Table  I  is  given  the  length  of  the  point  for  centering  tools  and  twist 
drills,  having  included  angles  of  90  and  118  degrees,  respectively.   The 


Fig.  1.    Oenteiinff  Toola— Btartinff  the  Drill  Oonc«ntrlo 

formulas  for  finding  the  length  of  point  for  the  various  angles  are  as 

follows  (see  Fig.  2) : 

where  b  =  depth  of  centered  hole, 
c  =  diameter  of  drill, 
(2  =  diameter  of  centered  hole. 
e  =  length  of  drill  point. 


For    90  degrees  b  =  0.5d. 
For  100  degrees  &  =  0.42d. 
For  118  degrees  e  =  0.3c. 
For  120  degrees  e  =  0.29c. 


Cam  Rise  for  Centerinsr 

When  the  length  of  the  point  of  the  centering  tool  is  known,  it  is 
an  easy  matter  to  find  the  rise  on  the  cam  required  for  centering. 
There  are  four  different  conditions  governing  the  amount  of  rise  re- 
quired for  centering,  which  are  as  follows: 

First:  When  the  drill  does  not  pass  through  the  work  and  a  stop 
for  gaging  the  stock  to  length  is  used. 

Second:  When  the  drill  passes  through  the  work  and  a  stop  for 
gaging  the  stock  to  length  is  used. 

Third:  When  the  drill  does  not  pass  through  the  work  and  a  stop 
for  gaging  the  stock  to  length  is  not  used. 

Fourth:  When  the  drill  passes  through  the  work  and  a  stop  for 
gaging  the  stock  to  length  is  not  used. 

The  rises  on  the  cam  for  centering  as  governed  by  the  previous  con- 
ditions are  as  follows   (see  Fig.  2): 

First:     /?=  ft -h  0.010  inch; 
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Second :     K  =  &  —  e  +  0.010  inch ; 
where  K  =  rlse  on  cam  for  centering, 

ft  =  depth  of  centered  hole, 

e  =  length  of  point  on  drill. 

It  will  he  noted  that  when  using  the  second  method,  the  rise  on  the 
cam  would  not  he  sufficient,  on  starting  a  new  rod,  to  allow  the  cen- 
tering tool  to  travel  the  full  distance;  or,  in  other  words,  would  not 
he  equal  to  the  length  of  the  point  of  the  centering  tool  used.  The 
correct  way  to  start  a  new  bar,  however,  is  to  throw  over  the  oper- 
ating lever,  thus  stopping  the  operation  ot  the  machine;  then  open  the 
chuck  by  hand  and  feed  the  stock  out  just  past  the  cutting-ofF  tool,  so 
as  to  allow  it  to  face  oft  from  1/16  to  1/8  inch  from  the  end  of  the 


FliT.  22.    Diagrams  Ulustratlzia'  Method  of  Flxsdinff  0»m  Rlae  for 
DrlUinff  and  Oentering 

bar.  Then  the  stock  is  fed  out  by  hand,  and  the  centering  tool  also 
operated  by  the  hand  lever,  after  which  the  machine  can  be  started. 

Third:     The  ris6  for  the  various  machines  is  as  follows: 

For  the  No.  00,  U  =  ft  -f  0.020  inch. 

For  the  No.     0,  i?  =  &  -h  0.028  Inch. 

For  the  No.    2,  «  =  &  +  0.035  inch. 

The  values  which  are  added  to  &  are  for  facing,  and  the  feeds  should 
be  decreased  for  this.  A  dwell* should  also  be  allowed  on  the  cam 
varying  from  2  to  5  revolutions,  the  number  of  revolutions  necessary 
being  governed  by  the  material  to  be  cut.  The  dwell  should  be  .longer 
for  steel  than  for  brass  stock.  The  feed  for  facing  brass  should  be 
from  0.0015  to  0.002  inch  per  revolution,  and  for  steel  from  0.001  to 
0.0012  inch  per  revolution. 

Fourth:     The  rise  for  the  various  machines  is  as  follows: 

For  the  No.  00,  /e  =  &  — e -f  0.020  inch. 

For  the  No.     0,  R  =  &  —  e  -h  0.028  inch. 

For  the  No.     2,  «  =  ft  —  e  +  0.035  inch. 

The  feed  should  be  decreased  for  facing,  and  a  dwell  of  from  2  to  5 
revolutions  allowed.  The  suggestions  previously  given  for  starting  a 
new  bar  should  also  be  remembered.  The  time  for  starting  a  new  bar 
in  the  manner  given  is  practically  negligible,  as  the  machine  anyway 
should  always  be  stopped  when  a  new  bar  Is  being  Inserted. 
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CENTERING  AND  DRILLING  1 

Special  CenteriniT  Tool  for  Hard  Material 
The  included  angle  of  the  point  on  the  centering  tools  shown  at  A 
and  B  in  Fig.  1  gives  satisfactory  results  when  used  on  soft  material, 
such  as  brass  or  soft  steel;  but  when  the  material  is  of  a  harder  na- 
ture, trouble  is  sometimes  encountered  with  the  point  of  the  center- 
ing tool  breaking.  This  can  be  obviated  by  making  a  centering  tool 
as  shown  in  Fig.  3.  This  tool  has  a  double  angle,  the  extreme  point 
being  made  to  an  included  angle  of  118  degrees,  while  the  remaining ' 


Piff.  8.    X>ouble-an9le  Ovfitmeiixs  Tool 

part  of  the  cutting  edge  is  made  to  an  included  angle  of  90  degrees. 
This  strengthens  the  point  of  the  tool,  while  at  the  same  time  it  per- 
mits the  drill  to  be  supported  by  the  center  before  the  point  starts 
to  cut. 

The  following,  formulas  are  used   for  finding  the  dimensions    (see 
Fig.  3): 

A 
B=  —  ;   C  =  B  X  0.3;  J[)  =  A  X  0.25; 
2 

£?==  A  X  0.4;   R=zE  +  0.010. 

TABUi  n.    FBBD8  FOR  OBNTXRINO  TOOLS 


Feed  in  Inches  per  Revolution                              1 

Diameter  in  Inches 

Brass  Kod           Machine  Steel 

Tool  Steel 

1/4 

0.004                  0.008 

0.002 

5/16 

0.004                   0.004 

0.()03 

8/8 

0.005                  0.0045 

0  004 

1/2 

0.0055                0.005 

0.0045 

8/4 

0.006                  0.005 

0.005 

1 

0.0065                 0  005 

0  0055 

in   which  A  =  diameter  of  center  in  the  work, 

B  =  diameter  of  point  where  the   118-degree  angle  termin- 
ates, 
C  =  length  of  point  with  118-degree  included  angle, 
D  =  length  of  part  with  90-degree  included  angle. 
E  =  total  depth  of  centered  hole, 
/f  =  rise  on  cam  for  centering  (first  condition). 

Speeds  and  Feeds  for  Centerinsr 
The  surface  speeds  for  centering  tools  should  be  the  same  as  for 
drills,  a  table  for  which  will  be  given  later.     The  feed  for  centering 
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tools  (as  they  are  generally  large  enough  to  stand  a  heavy  feed)  is 
also  the  same  in  most  cases.  Table  II  gives  the  feeds  for  centering 
tools  having  diameters  as  specified.  These  feeds  have  been  found 
satisfactory  for  general  work. 

Centerinsr  Tool  Holders 
The  manner  In  which  a  centering  tool  is  held  when  applied  to  the 
work  governs  to  a  considerable  extent  the  results  obtained.     The  tool 
should  be  held  rigidly  and  concentric  with  the  center  of  the  work  if 


Plff.  4.    Various  Types  of  Oenterlnir  Tool  Holders 

an  imperfect  center,  as  shown  at  C  in  Fig.  1,  is  to  be  avoided.  At  A 
in  Fig.  4  is  shown  a  common  form  of  centering  tool  holder.  This 
holder  has  been  found  very  successful  for  general  conditions  when  the 
work  has  been  gaged  to  length  by  a  stop,  thus  obviating  the  necessity 
of  using  a  facing  tool.  It  Is  provided  with  a  split  bushing  a,  as  shown 
In  the  end  view,  or  is  made  without  the  bushing,  the  hole  for  the  cen- 
tering tool  simply  passing  through  the  body  and  the  shank,  and  being 
of  the  same  diameter  as  the  centering  tool.  In  most  cases  the  holder 
with  the  split  bushing  Is  preferable,  as  the  tool  Is  more  easily  set  con- 
centric with  the  center  of  the  work.  At  B  In  Fig.  4  Is  shown  a  com- 
bination centering  and  facing  tool  holder.     This  holder  Is  used  when 
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the  stop  for  gaging  the  work  to  length  has  been  dispensed  with,  the 
tool  h  being  used  for  facing  the  work  to  the  required  length.  This  is 
found  to  be  a  very  suitable  holder  when  the  work  does  not  project 
more  than  2%  times  its  diameter  from  the  face  of  the  chuck.  At  C  in 
Pig.  4  is  shown  a  combination  centering  and  facing  tool  holder  with 
a  supporting  bushing  c,  which  is  held  in  the  body  of  the  tool  by  two 
headless  screws  d,  shown  in  the  end  view.  The  centering  tool  is  held 
in  a  split  bushing  by  set-screw  Tc.  The  turning  or  facing  tool  e  is 
adjusted  to  cut  the  required  diameter  by  set-screw  /  and  headless 
screws  g,  the  block  h  acting  as  a  fulcrum.  This  holder  is  used  when 
the  work  has  been  turned  before  centering,  and  it  is  also  found  con- 
venient for  centering  long  and  slender  work.  A  Brown  &  Sharpe  float- 
ing holder  is  used  for  holding  the  centering  tool  when  the  turret  and 
spindle  are  not  concentric,  or  when  extreme  accuracy  is  desired. 

Drills  and  Drillinir 

For  general  work  commercial  drills  of  the  two-fluted  type  are  used 
exclusively  on  the  Brown  &  Sharpe  automatic  screw  machines  for 
drilling  cylindrical  holes.  The  spiral  fluted  drill  is  used  for  drilling 
machine  steel,  Norway  iron,  etc.,  and  also  for  shallow  holes  in  brass; 
but  when  deep  holes  are  to  be  drilled  in  brass,  a  straight-fluted  drill 
should  be  used  in  preference  to  a  spiral  drill,  as  it  breaks  up  the 
chips,  allowing  them  to  be  removed  with  greater  ease.  The  grinding 
of  the  lips  on  the  cutting  edge  of  the  drill  has  a  considerable  bearing 
on  the  shape  of  the  chips  produced  and  also  on  the  amount  of  power 
required  to  force  the  drill  into  the  work.  If  the  angle  as  previously 
given  is  used,  and  if  the  point  of  the  twist  drill  is  ground  thin,  it  will 
produce  a  long,  curling  chip,  and  will  not  require  mucfe  power  for 
drilling.  When  drilling,  if  the  edges  of  the  drill  burn,  it  is  an  indi- 
cation that  the  surface  speed  is  too  high;  if  the  drill  chips,  the  feed 
Is  too  great;  and  if  the  drill  splits  at  the  point,  that  the  proper  clear- 
ance has  not  been  given  at  the  cutting  edges.  If  the  centering  tool 
and  drill  have  been  ground  to  the  correct  included  point-angle  there 
is  no  reason  why  the  drill  should  not  produce  a  straight  and  cylin- 
drical hole,  provided  the  feed  is  not  too  heavy. 

Cam  Rise  for  Drillinsr 

There  are  three  general  conditions  which  govern  the  amount  of  rise 
required  for  drilling.    They  are  as  follows: 

First:  When  the  drill  does  not  pass  through  the  work  and  a  cen- 
tering tool  is  not  used. 

Second:  When  the  drill  does  not  i^ass  through  the  work  and  a  cen- 
tering tool  is  used. 

Third:  When  the  drill  passes  through  the  work  and  a  centering 
tool  is  used. 

There  is  also  another  condition,  viz.,  when  the  drill  passes  through 
the  work  and  a  centering  tool  is  not  used;  but  as  this  is  not  a  com- 
mendable method,  it  is  not  here  considered. 
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The  rise  on  the  cam  for  drilling  as  governed  by  the  previous  con- 
ditions is  as  follows: 

First:     R  =  o  +  e  -f-  0.010  inch  (see  B  in  Pig.  2). 
Second:     iJ  =  (/ —  a -f  0.010  inch  (see  B  in  Fig.  2). 
Third:     /e  =  ;t  +  Ac  — a  +  0.010  inch  (see  C  in  Fig.  2). 
where  i{  =  ri8e  on  cam  for  drilling, 

or  =  depth  of  hole  to  be  drilled, 
e  =  length  of  point  on  the  drill  (see  Table  I), 
ii  =  overall  length  of  the  work, 
^=:  thickness  of  the  cut-off  tool, 

a  =  distance  that  the  straight  part  of  the  drill  projects  from 
the  face  of  the  work  into  the  centered  hole  before  starting 
to  cut  (see  A  in  Fig.  2). 
The  values  <fi  a  for  centering  tools  having  90-  and  100-degree  point- 
angles  are  as  follows: 

For    90  degrees,  a=:{d--c)  X  0.5    Inch. 
For  100  degrees,  a=  (d  —  c)  X  0.43  Inch, 
where  d  =  diameter  of  centered  hole, 
c  =  diameter  of  drill. 

Deep- hole  Drilling 

The  automatic  screw  machine  lends  itself  to  the  production  of  Biraight 
holes,  but  when  producing  deep  holes  there  are  a  number  of  difficul- 
ties to  overcome:  In  the  first  place,  the  drill  is  not  at  the  will  of  the 
operator,  and  cannot  be  withdrawn  from  the  work  when  it  begins  to 
seize  or  plug  up  with  chips;  in  the  second  place,  keeping  the  point 
of  the  drill  cool  and  removing  the  chips  is  a  difficult  proposition;  and. 
In  the  third  place,  the  feed  of  the  drill  is  governed  automatically.  It 
Is,  therefore,  necessary  to  have  the  drill  well  lubricated  and  the  feed 
moderate. 

For  shallow  holes  the  best  results  are  obtained  by  giving  a  rotary 
motion  to  the  work  and  a  feeding  motion  to  the  drill,  but  when  drill- 
ing deep  holes,  the  drill  and  the  work  should  both  be  given  a  rotary 
motion.  This  helps  to  clear  the  chips  from  the  hole  and  also  allows 
•oil  to  penetrate  to  the  cutting  point  of  the  drill. 

When  drilling  deep  holes  the  drill  should  not  penetrate  Into  the 
work  more  than  two  and  one-half  times  the  diameter  of  the  drill  be- 
fore being  withdrawn  from  the  work.  For  drilling  deep  holes  in  tool 
and  machine  steel,  the  spiral  fluted  drill  is  generally  used  with  good 
results,  but  for  drilling  deep  holes  In  brass,  the  straight-fluted  drill 
gives  better  satisfaction,  as  it  does  not  produce  a  long,  curling  chip, 
which  is  generally  objectionable.  Further  information  on  the  subject 
•of  deep  hole  drilling  can  be  .obtained  from  Machinebt's  Reference 
Book  No.  25,  "Deep  Hole  Drilling." 

Designing  Cams  for  Deep-bole  Drilling 
.  As  was  previously  mentioned,  the  drill  should  be  dropped  back  clear 
of  the  drilled  hole,  so  that  the  chips  can  be  removed  from  the  flutes 
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and  the  drill  cooled  and  lubricated.  To  accomplish  this  the  lead  cam 
is  laid  out  as  shown  in  Fig.  5;  to  explain  the  method  used  for  laying 
out  the  cam,  we  will  take  a  practical  example:  Assume  that  a  hole 
%  inch  in  diameter  and  %  inch  long  is  to  he  drilled  in  a  piece  of 
brass  rod.  Now,  it  can  be  seen  that  this  will  require  three  distinct 
lobes  on  the  cam,  as  it  will  be  necessary  to  drop  the  drill  back  twice 
in  producing  the  hole.  The  rises  for  the  various  lobes  can  be  found 
with  the  aid  of  the  following  formulas: 

Rise  on  first  lobe      =2%XD  +  0.005  inch. 

Rise  on  second  lobe  =  2%  X  D  +  0.003  inch. 

Rise  on  third  lobe  =2      X  D  +  0.003  inch, 
where  D  =  diameter  of  drill  in*  inches. 


FIff.  5.    Method  of  Imying  out  Oams  for  Deep-hole  DriUlnff 

The  amount  for  each  successive  rise  should  be  decreased  in  about 
the  same  proportion,  and  the  feed  on  the  drill  should  also  be  decreased 
slightly  for  each  additional  lobe  when  cutting  machine  and  tool  steel; 
but  when  cutting  brass  the  feed  can  generally  be  uniform  for  each 
lobe.    The  rise  on  the  various  lobes  would  then  be  as  follows: 

Rise  on  first  lobe     =2%  X  %  +0.005  =  0.349  inch. 

Rise  on  second  lobe  =  2%  X  %  +0.003  =  0.300  inch. 

Rise  on  third  lobe   =2      X%  +  0.003  =  0.253  inch. 

The  depth  to  which  the  drill  can  be  fed  into  the  work  before  with- 
drawing can  sometimes  be  increased,  especially  when  a  turret  drilling 
attachment  is  used  and  the  drill  is  greater  than  %  inch  in  diameter. 

The  space  on  the  cam  surface  necessary  for  dropping  the  drill  back 
is  generally  equal  to  the  space  necessary  for  revolving  the  turret.  It 
is,  therefore,  advisable  to  use  more  than  one  drill  when  there  is  a 
sufficient  number  of  empty  holes  in  the  turret  as  it  will  not  be  nec- 
essary to  resharpen  the  drills  so  frequently,  and  they  will  also  be  kept 
cooler. 
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Oil-pump  Attachment  for  Turret  Tools 
When  a  good  supply  of  oil  to  the  cutting  edge  of  the  tool  is  neces- 
sary for  drilling  deep  holes,  the  attachment  A  shown  in  Fig.  6  is 
used.  To  the  right  of  the  engraving  the  attachment  is  shown  inserted 
in  the  turret,  and  to  the  left  it  is  shown  removed.  In  explaining  how 
this  attachment  works  we  will  refer  to  the  line  engraving,  Fig.  8. 
The  oil  is  brought  through  the  pipe  a.  as  shown,  up  into  the  tube  c. 


Flff .  Oi    No.  00  Brown  A  Sharpe  Automatic  Sorevr  Machine  equipped 
with  Oil-pumpiniT  Attachment  for  Turret  Tools 


Fiff.  7.    No.  a  Brown  A  Sharpe  Automatic  Screw  Machine  equipped 
with  Drilllnjr  Attachment 

which  is  held  in  the  split  elbow  b.  The  pipe  c  passes  through  the 
bronze  bearing  in  the  turret  spindle  to  the  oiling  attachment  e.  This 
pipe  has  a  slot  /,  3/4  inch  long  by  3/32  inch  wide,  cut  in  the  end  fac- 
ing the  chuck.  It  is,  therefore,  obvious  that  oil  can  flow  from  this 
pipe  only  through  the  tools  which  are  facing  the  chuck  and  in  oper- 
ation on  the  work.  If  any  of  the  holes  in  the  turret  are  not  in  use, 
a  plug  is  inserted  as  shown  at  g.  A  clearer  view  of  this  plug  is  shown 
at  A.  The  oiling  attachment  e  is  fastened  to  the  turret  by  two  small 
screws  i.    Thus  the  attachment  rotates  with  the  turret  bringing  each 
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hole  successively  into  line  with  slot  /,  where  the  oil  can  flow  through. 
The  outer  shell  of  this  oiling  attachment  is  shown  at  B.  Slots  1/2 
inch  long  by  3/32  inch  wide  are  cut  in  the  hexagonal  surfaces  as 
shown,  allowing  the  oil  to  pass  through.  The  idea  of  having  these 
slots  elongated  is  to  provide  oil  to  the  tools  where  it  is  impossible  to 
have  the  oil  pass  through  the  hole  in  the  center  of  the  tool.  A  hole 
can  be  drilled  close  to  the  outside  of  the  shank,  and  passing  through 
the  body,  thus  allowing  the  oil  to  penetrate  to  the  cutting  point  of 
the  tool. 

Turret  Drilling  Attachment 

In  Fig.  7  is  shown  a  No.  2  Brown  &  Sharpe  automatic  screw  ma- 
chine equipped  with  a  turret-drilling  attachment,  two  drill  holders 
A  and  B  being  shown  in  position  in  the  turret.     This  attachment  is 


Flff.  8.    Seotidnal  View  •taowinff  Ck>iiBtmctlon  of  OU-pumpinff 
Attaohment  for  Turret  Toola 

driven  from  the  overhead  works  by  the  %-Inch  twisted  belt  C,  the 
shaft  passing  through  the  turret  connecting  the  pulley  D  with  the 
bevel  gears  E,  The  manner  in  which  this  attachment  is  located  and 
held  in  the  turret  is  clearly  shown  in  the  sectional  view  Pig.  9.  The 
pulley  D  is  keyed  to  the  shaft  F  and  is  also  held  in  position  with  the 
nut  a.  Shaft  F  and  bevel  gear  E^  are  made  in  one  piece.  The  spindle 
of  the  drill  holder  is  made  of  steel,  hardened  and  ground,  and  runs  in 
phosphor-bronze  bearings. 

The  grooved  pulley  on  the  countershaft  can  be  changed  to  increase 
or  decrease  the  speed  of  the  drill,  as  may  be  desired.  The  drill  is 
revolved  in  the  opposite  direction  to  that  in  which  the  spindle  and 
work  are  rotating,  thus  increasing  the  speed  of  the  drill  relative  to 
the  speed  of  the  other  tools.  It  is,  therefore,  obvious  that  the  lobe 
on  the  cam  for  the  drilling  operation  cannot  be  calculated  from  the 
speed  of  the  spindle  alone,  but  must  also  take  into  consideration  the 
speed  of  the  drilling  attachment.  To  illustrate  clearly  the  method  of 
finding  the  number  of  revolutions  required  for  drilling  we  will  take  a 
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practical   example.     Before   proceeding  with  the   calculation   we  will 
assume  the  following  values  for  speeds,  depth  of  hole,  time,  etc.: 
Let  speed  of  spindle  =  1200  R.P.M., 

speed  of  drilling  attachment  =  900  R.P.M., 
number  of  seconds  to  make  one  piece  =  20, 
total  number  of  revolutions  to  complete  one  piece  =  400, 
depth  of  hole  plus  amount  to  approach  ==  %  inch, 
diameter  of  drill  =  %  inch, 
feed  on  drill  =»0.0032  inch  per  revolution. 
The  total  number  of  revolutions  required  for  drilling,  if  the  drilling 

0.375 

attachment  were  not  used,  would  be  = =  117  revolutions. 

0.0032 


JfooMfi«rv,^.r. 


Fiff.  O.    Seotlooal  View  abowlnff  Oonstmotlon  of  DrUUnir  AtteotanMot 

The  actual  number  of  revolutions  required  for  drilling  when  using 

1200 
the  drilling  attachment  = X  117  =  66.85,  or  approximately. 


67  revolutions. 


1200  +  900 


Advantages  of  Turret  Drilling  Attachment 

The  following  are  three  of  the  many  advantages  gained  by  using  this 
attachment:  First,  the  drill  and  the  work  are  both  given  a  rotary 
motion,  which  tends  to  produce  a  hole  more  straight  than  if  the  work 
alone  were  rotated;  second,  rotating  the  drill  facilitates  the  removal 
of  the  chips  from  the  hole  and  also  allows  the  lubricant  to  penetrate 
to  the  cutting  point;  third,  a  suitable  surface  speed  for  the  drill  is 
obtained  without  increasing  the  cutting  speed  of  the  other  tools  in  the 
turret. 

It  may  also  be  mentioned  that  a  spiral-fluted  drill  gives  satisfactory 
results  for  drilling  machine  steel  and  brass  when  using  this  attach- 
ment; but  for  drilling  brass  where  a  long,  curling  chip  is  objection- 
able, the  lips  of  the  twist  drill  can  be  ground  in,  making  the  drill 
similar  to  a  flat  drill. 
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Cro88- slide  Drilling  Attachment 

It  is  sometimes  found  necessary  to  drill  holes  in  a  piece  of  work  at 
right  angles  to  the  center  line,  or,  in  other  words,  across  the  piece. 
For  this  kind  of  work  the  cross-slide  drilling  attachment  shown  at  A 
in  Fig.  10  is  found  very  serviceable.  To  apply  this  attachment  to  the 
cross-slide,  the  toolpost  which  carries  the  circular  tool  is  removed  and 
the  attachment  located  in  its  place.  The  attachment  is  then  held  to 
the  cross-slide  by  means  of  screw  and  nut  a.  The  drill  is  held  in  a 
bushing  in  the  spindle  h  by  means  of  the  headless  screw  shown.  The 
two  screws  c  are  provided  for  taking  up  the  wear  in  the  bronze  bear- 
ing. The  small  grooved  pulley  d  is  keyed  to  the  spindle  h  and  held 
by  the  nut  and  washer  shown.  The  large  grooved  pulley  B  is  located 
on  the  countershaft  and  drives  the  cross-slide  drilling  attachment 
through  the  medium  of  a  %-  or  i^-inch  twisted  belt,  the  size  of  the 


Flff.  10.    Brown  A  Bbarpe  Oroas-sUde  Drming  Attaohment 

belt  depending  on  the  machine  to  which  the  attachment  is  to  be  fitted. 
In  cross-drilling  it  is  necessary  to  stop  the  spindle  and  to  hold  it 
rigidly  before  the  drill  can  operate.  A  brake  shown  at  C  for  holding 
the  spindle  when  drilling  is  used  for  this  purpose.  The  brake  proper 
is  made  from  soft  iron  and  has  a  strip  of  leather  g  attached  to  its  inner 
surface,  which  grips  the  spindle  firmly,  preventing  it  from  slipping. 
The  cap-screw  e  Is  used  for  tightening  the  clamp  on  the  pulley.  The 
lug  /  is  located  on  the  pin  which  acts  as  a  stop  for  the  cross-slide 
tools. 

It  is  obvious  that  when  using  a  cross-slide  drilling  attachment, 
threading  operations  cannot  be  p<»rformed  without  the  aid  of  a  die 
and  tap  revolving  attachment,  as  the  spindle  can  rotate  in  one  direc- 
tion only.  When  using  a  revolving  attachment  in  connection  with  the 
cross-drilling  attachment,  the  threading  attachment  rotates  the  tap  in 
the  proper  direction  to  release  it  from  the  work  when  the  spindle  is 
stopped.  The  tap  is  operated  at  one-half  the  spindle  speed.  Hence,, 
for  example,  if  a  right-hand  thread  is  being  cut,  the  tap  is  rotated 
left-hand,  advancing  in  the  work  when  the  spindle  is  running  and  re- 
treating when  the  spindle  is  stopped.     An  opening  die-holder  is  alsa 


Digitized  by  VjOOQ  IC 


16 


No.  103— SCREW  MACHINE  PRACTICE 


sometimes   used   for   cutting  external   threads   when  a  cross-drilling 
attachment  is  used. 

The  method  of  fitting  up  this  attachment  is  as  follows:  The  belt 
is  removed  ft'om  the  pulley  nearest  the  collet,  and  the  band  C  ex- 
panded over  the  pulley.  It  is  then  fastened  to  the  pin  which  acts  as 
a  stop  for  the  cross-slide,  and  clamped  to  the  pulley  by  cap-screw  e. 
The  dogs  on  the  drum  are  then  set  to  throw  the  clutch  onto  the  pul- 
ley, which  is  clamped  just  before  the  drilling  attachment  advances 
toward  the  work.  After  the  drilling  operation  has  been  completed  and 
the  drill  retreats  from  the  work,  the  clutch  is  thrown  out  and  onto 
the  other  pulley  and  the  other  operations  continued.  The  spindle  is 
started  and  stopped  practically  instantaneously,  but  it  is  advisable  to 
allow  a  moments  time,  equivalent  to  about  five  revolutions,  before  and 
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Fig.  11.   Vftrloiu  Types  of  DrtU  Holders 

after  the  drilling  operation,  for  clearance.  The  drill  should  be  ground 
with  a  more  acute  point-angle  than  for  ordinary  work,  and  should  also 
be  ground  thin  at  the  point  to  facilitate  its  starting  into  the  work. 
The  rise  on  the  cam  is  similar  to  the  rise  for  ordinary  drilling,  but 
the  feed  should  be  less.  In  most  cases,  for  cross-drilling  operations, 
it  is  an  advantage  to  carry  a  guide  bushing  in  the  turret  for  locating 
the  drill.  Under  this  condition  it  is  obvious  that  the  work  is  drilled 
as  if  it  were  held  in  a  jig.  as  the  bushing  Is  held  in  a  floating  holder 
that  can  be  adjusted  to  produce  the  desired  relation  between  the  cross- 
hole  and  the  outside  diameter  of  the  work. 

Drill  Holders 

There  are  various  types  of  drill  holders  used  in  the  automatic  screw 
machine,  some  of  them  being  more  complicated  and  expensive  than  is 
really  necessary.  The  alignment  of  the  turret  holes  with  the  spindle 
is  nearly  always  perfect,  and  it  is  not  necessary  to  'have  floating  hold- 
ers for  holding  a  drill.    At  A  in  Fig.  11  is  shown  a  common  form  of 
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being  in  one  piece,  a  separate  bushing  is  used.  This  holder  is  easier 
to  set  concentric  with  the  work,  but  the  extra  cost  prohibits  its  use 
to  a  great  extent.  The  bushing  as  used  in  this  holder  is  shown  at  c. 
For  ordinary  work  the  holder  shown  at  A  is  recommended. 

Drilllnir  Speeds  and  Feeds 
When  drilling  in  the  Brown  A  Sharpe  automatic  screw  machines,  the 
best  results  are  generally  obtained  by  giving  the  drills  light  feedi  and 
high  peripheral  velocities.  High-speed  steel  drills  are  commendable 
for  drilling  Norway  iron,  machine  steel  tool  steel,  etc.,  but  the  ordi- 
nary carbon  steel  drills  are  suitable  for  brass  and  similar  materials 
when  the  surface  speed  does  not  exceed  that  given  in  the  following. 
The  surface  speeds  here  given  for  carbon  and  high-speed  steel  drills 
have  been  found  satisfactory  for  the  materials  specified: 

8PBBD8  FOR  ORDINARY  CARBON  8TBBL  DRILLS 

Surfue  Speed  In  Feet 
Material  per  Ifinute 

Brass  (ordinary  quality) 160 — 180 

Gun-screw  iron 60 —  70 

Norway  iron  and  machine  steel 50 —  60 

Drill  rod  and  tool  steel 30 —  40 

8PBBDB  FOR  HiaH-BPBBD  STBRL  DRILIiS 

Surface  Speed  in  Feet 
Material  per  Minute 

Gun-screw  iron   1,00 — 125 

Norway  iron  and  machine  steel 80 — 100 

Drill  rod  and  tool  steel 50 —  60 

Feeds  for  high-speed  and  ordinary  carbon  steel  twist  drills  are  given 
In  Table  III.  The  feeds  given  are  for  general  work,  but  when  the 
surface  speed  is  not  high  the  feed  on  the  drill  can  be  increased  some- 
what. It  is  found  to  be  more  satisfactory  in  general  practice  to  keep 
the  feed  down,  as  a  more  straight  hole  can  be  produced  than  if  the 
drill  is  forced. 

Drills  from  1/8  inch  to  3/16  inch  are  capable  of  standing  the  heav- 
iest feeds  in  proportion  to  their  diameter,  and  when  a  hole  does  not 
pass  through  the  work  a  V^-inch  drill  has  been  found  to  stand  a  feed 
of  0.016  inch  per  revolution  when  drilling  brass.  Feeds  as  heavy  as 
this  are  not  recommended,  because  concentric  holes  cannot  be  produced 
when  the  drill  is  forced  to  such  an  extent. 
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COUNTBRBOBING  AND  REAMING  OPBRATIONS 

As  a  rule,  more  trouble  \a  experienced  in  applying  counterbores  to 
the  work  on  automatic  machines  than  is  experienced  with  any  other 
cutting  tool.  This  is  probably  due  to  the  fact  that  counterbores  are 
generally  improperly  made  for  the  work  on  which  they  are  to  operate. 
Generally  speaking,  there  are  several  reasons  for  the  unsuccessful 
working  of  counterbores,  some  of  which  may  be  summed  up  aa 
follows: 

1.  Too  many  cutting  edges,  not  allowing  enough  t:hlp  space  and 
also  not  providing  for  sufBcient  lubrication. 

2.  Too  much  cutting  surface  in  contact  with  the  work. 

3.  InsutDcient  clearance  on  the  periphery  of  the  teeth. 

4.  Improper  location  of  the  cutting  edges  relative  to  the  center. 

5.  Improper  method  of  holding  the  counterbore. 

6.  Improper  grinding  of  the  cutting  edges. 

7.  Too  weak  a  cross-section. 

8.  The  use  of  a  feed  and  speed  in  excess  of  .what  the  tool  will  stand. 
For  general   work,  and   especially  for  automatic   work   where  the 

counterbore  cannot  be  withdrawn  when  it  plugs  up  with  chips  and 
seizes  in  the  work,  this  tool  should  not  have  more  than  three  cutting 
teeth.  The  periphery  of  the  teeth  should  be  backed  off  eccentrically, 
and  the  body  of  the  counterbore  should  taper  towards  the  back.  The 
amount  of  taper  generally  varies  from  0.020  to  0.040  inch  per  foot. 
The  relation  of  the  cutting  edge  to  the  center  has  an  important  bear- 
ing on  the  etDciency  of  the  tool.  For  deep  counterboring,  where  the 
difference  between  the  diameter  of  the  teat  and  the  body  of  the  coun- 
terbore is  great,  the  cutting  edge  should  never  be  located  ahead  of 
the  center;  in  fact,  if  it  is  located  a  little  below  the  center  far  better 
results  are  obtained.  This  rule  is  only  general,  of  course,  as  the 
material  to  a  considerable  extent  governs  the  location  of  the  cutting 
edges. 

^  Looation  of  the  Cuttinip  Edipes 

At  A  in  Fig.  12  is  shown  a  three-tooth  counterbore  with  its  cutting 
edges  located  ahead  of  the  center.  Locating  the  cutting  edge  ahead 
of  the  center  is  advisable  when  the  counterbore  is  to  be  used  as  a 
facing  tool,  or  used  for  counterboring  brass,  and  it  is  not  required  to 
extend  into  the  work  to  a  depth  greater  than  its  diameter,  but  it 
should  preferably  be  used  for  facing  operations  only.  If  the  counter- 
bore is  made  in  this  manner  and  used  on  steel,  the  cutting  teeth  have 
a  tendency  to  force  the  chips  against  the  surface  of  the  work.  Con- 
sequently, when  it  is  not  properly  lubricated,  the  work  and  counter- 
bore become  heated,  and  cause  the  chips  to  seize,  thus  producing  poor 
work  and,  generally,  a  broken  counterbore. 
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At  B  are  shown  the  teeth  cut  radially  to  the  center.  For  general 
work  this  is  the  best  location  for  the  cutting  edges  relative  to  the 
center.  There  is  not  the  same  tendency  to  force  the  chips,  against  the 
surface  of  the  work.  Teeth  cut  radially  to  the  center  are  suitable  for 
either  brass  or  steel  work,  but  when  used  on  steel,  it  is  preferable  to 
have  the  teeth  cut  spirally.  A  spiral  which  will  give  a  rake  of  from 
10  to  15  degrees  generally  gives  the  best  results. 

At  C  are  shown  the  teeth  cut  below  the  center.  This  is  the  proper 
location  for  the  cutting  edges  of  the  teeth  where  the  difference  be- 
tween the  diameter  of  the  teat  and  the  body  of  the  counterbore  is  not 
very  great  and  where  the  counterbore  is  to  extend  into  the  work  to 
a  depth  greater  than  its  diameter.  This,  as  can  be  seen,  gives  a  lip 
to  the  counterbore  which  has  a  tendency  to  lift  the  chips  from  the 
cutting  surface  of  the  work,  thus  preventing  them  from  seizing. 

Various  Types  of  Counterbores 

When  counterborlng  a  hole  where  a  large  amount  of  material  Is  to 
be  removed,  and  where  the  counterbore  Is  to  extend  into  the  work  to 
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Fiff.  12.    Location  of  the  Outtinv  Bd^es  for  Various  Condi tions 

a  depth  greater  than  Its  diameter,  It  Is  generally  advisable  to  rough 
out  the  hole  to  the  diameter  of  the  body  of  the  counterbore  with  a 
three-fluted  drill,  such  as  shown  at  A,  Fig.  13.  Then  the  counterbore 
is  used  only  for  squaring  up  the  shoulder  at  the  bottom  of  the  hole. 
This  method  Is  especially  advisable  when  counterborlng  machine  or 
tool  steel. 

At  B  Is  shown  a  counterbore  which  can  sometimes  be  used  to  advan- 
tage on  brass  work,  but  which  is  not  recommended  for  steel.  It  is 
made  on  the  same  principle  as  a  flat  drill  with  the  exception  that  the 
teat  haa  no  cutting  edges.  At  C  Is  shown  another  counterbore  for 
brass  work,  which  has  three  cutting  edges,  and  at  D  is  shown  a  coun- 
terbore for  steel  work,  having  its  teeth  cut  spirally.  Teeth  cut  on  a 
spiral  which  will  produce  a  rake  angle  of  10  to  15  degrees  are  gen- 
erally found  suitable  for  machine  or  tool  steel.  Counterbores  of  the 
type  shown  at  C  and  D  should  have  Inserted  leaders  or  teats  to  facili- 
tate their  re-sharpenlng. 

At  E  Is  shown  a  counterbore  which  is  recommended  for  work  hav- 
ing complicated  shapes,  or  requiring  to  have  two  or  more  diameters 
finished  with  the  same  tool.    This  tool  is  backed  off  helically  as  shown. 


Digitized 


by  Google 


COUNTERBORING  AND  REAMING 


21 


thus  allowing  it  to  be  ground  and  still  retain  its  initial  shape  and  size. 
The  backing  off  is  accomplished  on  the  lathe  in  the  following  manner: 
The  lathe  is  geared  up  to  cut  six  or  eight  threads  per  inch,  depending 
on  the  diameter  of  the  counterbore  and  the  amount  of  clearance  re- 
quired. The  counterbore,  after  being  turned  to  the  required  dimen- 
sions, is  milled  as  shown  at  h.  It  is  then  placed  on  the  centers  of  the 
lathe,  being  driven  by  a  dog,  and  a  facing  tool  used  for  backing  it  off. 
The  backing  off  is  accomplished  by  pulling  on  the  belt  for  each  cut. 
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Pig".  18.    Various  Tsrpes  of  Ck>unterbores 

Starting  and  finishing  at  the  groove  b  until  the  backing  off  is  com- 
pleted. Where  a  backing-off  attachment  which  is  operated  by  a  remov- 
able cam  is  Available,  this  tedious  operation  can  be  done  with  greater 
ease  and  Rapidity. 

The  Gimnterbores  described  are  for  making  pieces  in  which  the  hole 
extend/  through  the  work  or  to  a  depth  which  permits  using  a  leader 
or  tea^;  but  for  work  in  which  the  hole  bottoms,  that  is.  does  not  ex- 
tend |ar  enough  into  or  through  the  work,  these  counterbores  could 
not  be>  used.  The  ordinary  method  used  in  producing  holes  which  bot- 
tom is* to  use  flat  drills  and  combination  counterbores  and  facing  tools. 
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Flat  Drills  and  Combination  Counterbores 


At  A  in  Fig.  14  is  shown  a  flat  drill  which  is  used  for  roughing  out 
a  hole  having  one  diameter,  and  at  B  is  shown  the  counterbore  or 
facing  tool  which  is  used  for  squaring  it  up.  The  cutting  edge  a  on 
the  tool  should  be  set  about  0.1  times  the  diameter  ahead  of  the 
center,  and  the  thickness  of  the  blade  b  should  be  about  one-eighth  of 
the  diameter.    At  C  is  shown  a  flat  drill  or  counterbore  for  producing 


Flff.  14.    FlAt  DriUa  Mid  Combination  Oounterbores 

a  hole  having  two  diameters,  and  at  D  is  shown  the  combination  coun. 
terbore  and  facing  tool  for  squaring  it  up.  This  counterbore  is  adjust- 
able, the  part  a  being  adjusted  with  relation  to  part  b  b/  means  of 
the  headless  screw  c,  thus  governing  the  distance  between  the 
shoulders,  the  headless  screw  d  being  used  to  prevent  the  pan  a  from 
rotating.  When  the  part  a  projects  out  from  the  part  I)  a  Ustance 
greater  than  one-half  its  diameter,  care  should  be  taken  to  h,*ve  the 
shank  a  good  fit  in  part  b.  These  counterbores  can  be  used  fo  either 
bras^  or  steel  work,  but  for  steel  work  it  is  preferable  to  use  ;  spiral- 
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fluted  drill  for  roughing  out  the  hole,  lustead  of  a  flat  drill,  as  the 
material  can  be  removed  with  greater  ease  and  rapidity. 

Speeds  for  Ooiinterbores 

The  surface  speed  at  which  a  counterbore  can  be  worked  is  slightly 
less  than  the  surface  speed  used  for  drilling.  The  surface  speeds  given 
below  are  recommended  for  counterbores  made  from  carbon  and  high- 
speed steeL 

BPBBD8  FOB  OOUiaBBBORBS  MADB  FROM  GARBON  BTBBL 

Surface  Speed  in  Feet 
liAterial  per  Minute 

Brass   (ordinary  quality) 150-160 

Gun-screw  iron   50-60 

Norway  iron  and  machine  steel 40-50 

Drill  rod  and  tool  steel 30-35 

0PBBDB  FOB  OOUMTBBBOBBB  MADB  FBOM  BIOB-8FBBD  BTBBL 

Surface  Speed  in  Feet 
ICatcrial  per  Minute 

Brass   (ordinary  quality) 180-200 

Oun-Bcrew  Iron   80-90 

Norway  iron  and  machine  steel 70-80 

Drill  rod  and  tool  steel 45-50 

Feeds  for  Counterbores 

The  method  of  holding  a  counterbore  when  applying  it  to  the  work, 
and  the  strength  of  the  cross-section  In  proportion  to  the  width  of  the 
chip  being  removed,  governs  to  a  considerable  extent  the  amount  of 
feed  to  be  given.  The  material  being  cut  and  the  depth  to  which  the 
counterbore  penetrates  Into  the  work,  also  have  an  Important  bearing^ 
on  the  rate  of  feed.  These  conditions  should  be  taken  into  consider' 
atlon  when  using  the  feeds  given  in  Table  IV.  These  feeds  are  for 
counterbores  having  three  cutting  edges,  but  for  counterbores  having 
one  cutting  edge  the  feed  should  be  decreased  from  40  to  50  per  cent, 
and  for  two  cutting  edges,  from  15  to  20  per  cent  It  is  obvious  that 
no  deflnlte  rule  can  be  laid  down  in  regard  to  the  exact  feed  to  use, 
on  account  of  the  number  of  conditions  which  govern  the  rate  of  feed. 
The  feeds  given  in  Table  IV  should  be  used  only  when  the  counterbore 
penetrates  from  one-half  to  three-quarters  of  its  diameter  into  the 
work.  When  the  counterbore  penetrates  to  a  greater  distance  the  feed 
should  be  decreased  from  15  to  25  per  cent.  It  is  good  practice  to 
always  drop  the  counterbore  back  after  it  has  penetrated  to  a  depth 
equal  to  half  its  diameter,  to  remove  the  chips,  and  to  cool  and  lubri- 
cate it.  The  same  method  can  be  used  for  dropping  back  the  counter- 
bore as  was  described  in  connection  with  deep-hole  drilling  in  the 
preceding  chapter. 

Holders  for  Counterbores 

For  counterbores  having  leaders,  a  rigid  holder  should  not  be  used, 
as  the  leader  will  follow  the  hole  previously  drilled  or  reamed,  and  if 
the  counterbore  is  not  allowed  to  float,  it  will  produce  poor  work,  and 
a  broken  tool  will  sometimes  be  the  result.    At  A  in  Fig.  15  is  shown 
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sood  practice,  when  possible,  to  chamfer  the  hole  so  that  the  leader  will 
enter  easily.  The  counterbore  is  held  by  the  split  bushing  e  and  set- 
screw  /.  If  this  holder  is  properly  made  and  set  it  will  be  found  to 
^ve  good  results  for  genera]  work. 

At  B  in  Fig.  15  is  shown  a  "floating"  holder  for  holding  the  flat  coun- 
terbore shown.  This  holder  is  not  an  actual  floating  holder,  but  would 
be  better  named  an  adjustable  holder.  It  is  made  adjustable  so  that 
the  tool  can  be  set  concentric  with  the  center  of  the  work.  After 
adjusting,  the  part  a  is  held  tightly  against  the  part  h  by  the  cap- 
screws  c.  The  clearance  holes  in  the  part  a  for  the  cap-screws  c  are 
made  about  1/16  inch  in  diameter  larger  than  the  body  of  the  screw. 
The  counterbore  is  held  in  the  part  a  by  set-screw  d.    This  holder  is 
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also  found  very  serviceable  for  holding  a  counterbore  when  the  hole  to 
be  counterbored  penetrates  into  the  work  to  a  distance  greater  than 
its  diameter  and  a  chucking  drill  has  been  used  to  rough  It  out. 

Beamingr  and  Reamers 

When  it  is  necessary  to  make  a  perfectly  round  and  accurate  hole  in 
the  work,  a  reamer  is  used,  the  drilled  hole  being  left  slightly  smaller 
to  allow  enough  material  for  the  reamer  to  true  It  up  and  bring  It  to 
the  desired  size.  It  Is  always  advisable  not  to  leave  any  more  ma- 
terial to  be  removed  by  the  reamer  than  is  absolutely  necessary.  For 
general  work  the  amounts  given  In  the  following  list  will  give  good 
results  for  reamers  ranging  in  diameter  from  1/8  to  3/8  inch.  For 
reamers  over  3/8  Inch  diameter,  a  drill  1/64  Inch  less  In  diameter  Is 
generally  used,  and  this  would  leave  from  0.012  to  0.015  inch  to  remove 
on  the  diameter,  as  it  Is  obvious  that  a  drill  will  cut  slightly  larger 
than  Its  nominal  size. 
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1  OF  DIAMBTBRS  OF 

diameter  of  Reamer 
in  Inches 

Diameter  of  Hole  pre- 

▼ioae  to  Reaming. 

Inlnchee 

1/8 

0.120 

3/16 

0.182 

1/4 

0.242 

»          5/16 

0.302 

3/8     . 

0.368 

There  are  various  reasons  for  the  inefficient  working  of  a  reamer, 
some  of  which  are  the  following: 

1.  Chattering,  which  results  when  the  teeth  are  evenly  spaced. 

2.  Chips  clinging  to  the  teeth,  which  action  results  when  high  peri* 
phery  velocities  are  used,  with  insufficient  clearance. 


TABLB  V.    FBBD8  FOR  BTJAMWIB  ICADB  FROM  mOB.SPBBD 

BrauRod. 

TVxd  Steel.     . 

Reamer 

Feed 

Feed 

Feed^ 

inlnchee 

per  Revolution 

per  Revolution 

per  Revolutioo 

jt 

0.007 

0.004 

0.002 

0.008 

0.004 

0.008 

A 

0.009 

0.005 

0.004 

0.010 

0.006 

0.005 

A 

0.011 

0.007 

0.006 

0.012 

0.008 

0.007 

A 

0.018 

0.009 

0.008 

0.014 

0.010 

0.009 

1 

0.015 

0.011 

0.010 

A 

0.016 

0.012 

0.011 

} 

0.017 

0.018 

0.011 

H 

0.018 

0.014 

0.012 

•      i 

0.020 

0.015 

0.012 

3.  Expandfng  and  contracting  of  the  hole,  which  is  caused  hy  too 
heavy  feed  and  insufficient  clearance  on  the  cutting  edges. 

4.  Enlarged  and  tapered  holes,  due  to  holding  the  reamer  rigid 
instead  of  floating. 

There  are  various  methods  adopted  to  prevent  reamers  from  chatter- 
ing, but  the  unequal  spacing  of  the  teeth  has  been  found  the  most 
satisfactory  and  inexpensive.  For  machine  reamers  varying  from  1/8 
to  1/4  inch,  three  cutting  edges  are  sometimes  used,  but  the  difficulty 
encountered  in  measuring  their  diameter  with  micrometers  limits  their 
use  to  a  certain  extent.  As  a  general  rule,  therefore,  four  and  six  cut- 
ting edges  are  used  on  reamers  varying  from  1/8  inch  to  3/8  inch, 
and  8  to  12  cutting  edges  on  reamers  varying  from  3/8  inch  to  7/8 
inch. 

The  clinging  of  chips  to  the  teeth  is  generally  due  to  high  periphery 
velocities  and  improper  lubrication.  Insufficient  clearance  of  the  cut- 
ting edges  also  heats  the  work  to  a  considerable  extent,  which  causes 
the  chips  to  cling.     The  clinging  of  the  chips  is  more  noticeable  on 
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steel  containing  a  small  percentage  of  carbon  than  it  is  on  brass  or 
steels  which  contain  a  high  percentage  of  carbon. 

Reamers  are  generally  made  slightly  tapering  towards  the  back;  a 
taper  varying  from  0.002  to  0.005  inch  per  foot  is  generally  used,  and 
a  less  taper  should  be  used  for  brass  than  steel,  as  brass  work,  espe- 
cially  thin  tubing,  contracts  and  expands  more  readily  than  steel,  so 
that,  if  a  perfect  hole  is  desired,  the  reamer  should  be  tapered  but 
slightly.  For  reaming  machine  steel  a  rose  reamer  Is  generally  used. 
as  it  has  been  found  satisfactory  for  producing  straight  and  perfect 
holes.  This  reamer  tapers  towards  the  back  ahd  is  not  relieved  on  the 
periphery  of  the  cutting  edges,  the  end  of  the  reamer  only  being 
backed  off. 

The  cutting  edges  of  reamers  are  generally  cut  on  the  center 
(radial)  for  steel,  but  for  brass  work  they  are  sometimes  cut  slightly 
ahead  of  the  center,  which  produces  a. scraping  action,  and  makes  a 
smooth  cut 

Beaming  Feeds  and  Speeds 

The  surface  speeds  used  for  reaming  should  be  slightly  less  than 
those  used  for  counterboring,  as  the  reamer  generally  penetrates  to  a 
greater  depth  and  has  more  cutting  surface  in  contact  with  the  work, 
which  tends  to  produce  excessive  heating  of  the  work  and  reamer,  re- 
sulting in  chips  clinging  to  the  cutting  edges,  with  rough  and  inaccu- 
rate work  as  a  consequence.  When  a  good  supply  of  lard  oil  Is  used, 
the  following  surface  speeds  will  be  found  satisfactory. 

BPBBDB  FOR  RHAMTIItfi  MADB  FBOM  CARBON  STBRIi 

Surface  Speed  in  Feet 
Material  per  Minute 

Brass   (ordinary  quality) 120-125 

Gun-screw  iron  35-40 

Norway  iron  and  machine  steel 30-35 

Drill  rod  and  tool  steel 20-25 

BPBBDB  FOB  RWAMBRB  MADB  FROM  HIOH-BPBBD  8TBBL 

Surface  Speed  in  Feet 

Material  per  Minute 

Brass  (ordinary  quality) 150-160 

Gun-screw  iron  , 65-75 

Norway  iron  and  machine  steel 50-60 

Drill  rod  and  tool  steel 30-40 

The  feeds  for  reamers  given  in  Table  V  will  be  found  suitable  for 
general  work,  when  no  more  material  Is  removed  on  the  diameter  than 
previously  stated.  When  reaming  thin  tubing,  especially  brass,  the 
feed  should  be  decreased  somewhat. 

The  method  used  for  holding  a  reamer  when  applying  it  to  the  work 
governs  to  a  considerable  extent  the  quality  of  the  hole  produced. 
When  reaming  a  deep  hole,  if  the  reamer  is  held  rigidly.  It  will  nearly 
always  produce  a  hole  which  will  b^  tapered  and  large  In  diameter. 

At  A  in  Fig.  16  is  shown  a  floating  holder  which  Is  sometimes  used. 
This  holder  is  cheaply  made,  but  Is  not  a  commendable  holder  for  auto- 
matic screw  machine  work,  although  it  can  sometimes  be  used  to  a4- 
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vajitage  on  the  hand  screw  machine.  One  of  the  disadvantages  of  this 
reamer  holder  is  that  the  reamer  drops  down  as  shown  at  a  if  much 
clearance  is  allowed  between  the  diameter  of  the  reamer  shank  and 
the  diameter  of  the  hole,  thus  preventing  the  reamer  from  entering 
easily  into  the  work,  which  generally  results  in  a  broken  reamer. 

At  B  is  shown  a  more  efficient  holder,  especially  for  deep  hole  ream- 
ing. The  reamer  is  guided  at  the  rear  by  a  cone-pointed  screw  &,  and 
Is  kept  from  rotating  and  is  guided  at  the  same  time  by  the  two  cone- 
pointed  screws  c.    By  means  of  these  screws,  the  reamer  can  be  set  so 


.  ADJUST  TO  BRINO 
REAMER  CONCENTRIC 
WITH  HOLE  IN  WORK 
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that  it  will  enter  the  drilled  hole  easily,  and  at  the  same  time  be 
allowed  to  adjust  itself  to  correspond  to  the  eccentricity  of  the  hole  in 
the  work.  The  small  hole  d  is  drilled  through  the  shank  of  the 
reamer,  allowing  the  cone-pointed  screws  to  enter.  This  holder  will  be 
found  very  satisfactory  for  holding  reamers  when  it  is  not  necessary 
to  remove  an  excessive  amount  of  material.  At  C  is  shown  a  floating 
holder  which  is  used  for  reaming  shallow  holes.  The  reamer  is  held 
rigidly  by  a  split  bushing  and  set-screw  /.  The  reamer  is  set  con- 
centric with  the  hole  in  the  work  by  loosening  the  cap-screws  g  and 
then  locating  it  in  the  hole  by  the  bevel  or  rounded  corners  on  the  end 
of  the  reamer. 
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RBCBSSING  TOOLS  AND  OPERATIONS 

In  this  chapter,  recessing  tools  and  recessing  operations  will  be 
described.  The  practice  outlined  is  that  generally  accepted,  and  when 
used  with  discretion  satisfactory  results  will  be  obtained.  The  speeds 
and  feeds,  of  course,  are  liable  to  some  variation  on  account  of  the 
conditions  which  govern  them,  but  the  feeds  ^iven  are  not  exceedingly 
high  and  can  be  used  to  advantage  in  the  majority  of  cases. 

Three  different  types  of  recessing  tool  holders,  commonly  called 
swing  tools,  are  described,  but  it  will,  of  course,  be  seen  that  with 
slight  modifications  tool-holders  of  the  description  given  can  be  used 
for  various  classes  of  work.  Three  types  of  recessing  tools  are  also 
shown.  These  are  suited  for  three  different  conditions,  namely,  for 
chamfering  operations,  for  recessing  operations,  and  for  special  condi- 
tions— that  is,  the  third  tool  is  used  when  the  bole  in  the  work  is  so 
small  as  not  to  permit  the  use  of  either  of  the  other  tools.  Explicit 
instructions  are  also  given  for  laying  out  cams  for  chamfering  and 
recessing  operations. 

Becessingr  and  Becessingr  Tools 

When  it  is  necessary  to  chamfer  a  hole  in  each  end  of  a  piece,  a 
recessing  or  so-called  "Internal"  chamfering  tool  is  used,  which  elimi- 
nates a  second  operation.  A  recessing  tool  which  works  on  the  same 
principle  as  an  ordinary  boring-tool  is  used  for  chambering  or  reliev- 
ing a  hole  In  the  center,  that  Is,  just  leaving  a  bearing  surface  at  each 
end.  The  recessing  or  chamfering  operation  should  always  precede  the 
reaming  operation,  so  that  all  burrs  thrown  into  the  hole  by  the  re- 
cessing tool  will  be  removed  by  the  reamer.  A  recessing  or  chamfering 
tool  should  be  operated  from  the  front  cross-slide  whenever  possible, 
for  the  following  reasons:  In  the  first  place,  it  Is  generally  more  con- 
venient to  make  the  necessary  adjustments;  in  the  second  place,  turn- 
ing the  tool  upside  down  allows  the  chips  to  drop  to  the  bottom  of 
the  hole  where  they  are  easily  removed,  thus  allowing  the  tool  to  work 
with  less  obstruction;  and  In  the  third  place,  the  recessing  tool  can  be 
more  conveniently  operated  from  the  front  cross-slide,  by  means  of  the 
rising  block  used  In  connection  with  the  forming  tool  holder.  The 
regular  rising  block,  however.  Is  removed  and  a  special  rising  block 
substituted,  which  has  a  cam  attached,  used  for  operating  the  recessing 
tool  holders. 

If,  on  the  other  hand,  the  recessing  tool  holder  is  operated  from  the 
rear  cross-slide,  the  recessing  either  must  be  done  when  the  spindle  is 
running  backwards,  or  else  it  will  be  necessary  to  make  a  special  cir- 
cular tool  holder.  In  which  the  distance  from  the  hole  through  which 
the  screw  Is  Inserted  to  hold  the  circular  tool,  to  the  top  face  of  the 
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cross-slide  is  of  a  less  height  than  that  ordinarily  used  on  the  rear 
cross-slide. 

In  cutting  the  finished  piece  from  the  bar  after  recessing,  the  feed 
should  be  decreased  on  the  cut-off  tool,  so  that  the  piece  will  be  sev- 
ered without  leaving  a  burr  where  the  two  cuts  meet.  Decreasing  the 
feed  from  0.001  to  0.0005  inch  per  revolution  is  generally  found 
sufficient. 

At  A  in  Fig.  20  is  shown  a  recessing  tool  which  is  used  for  cham- 
fering, and  at  B  is  shown  a  tool  which  is  used  for  chambering.  This 
latter  tool  removes  the  superfluous  material  in  a  similar  manner  to  an 
ordinary  boring-tool. 


OUT-QFF  TOOL 


CHAHftMNa  TOCN. 


FiffS.  17.  18  and  10.    Dlacrnuns  iUuBtrstinir  the  Method  of  Determinlxiff 
Proportlona  for  Ohamferinir  and  Reoftwiing  Tools 

The  chaipifering  tool  shown  at  A  is  not  backed  off,  as  it  is  smaller 
in  diameter  than  the  hole  in  the  work,  which  gives  it  sufficient  peri- 
phery clearance.  For  brass  work,  the  cutting  edge  is  cut  radial  as 
shown,  or  sometimes  below  the  center  when  less  clearance  is  neces- 
sary, as  shown  by  the  dotted  line  a,  but  for  steel  work  it  is  cut  above 
the  center  a  distance  equal  to  0.1  of  the  diameter.  The  included 
angle  fi  of  the  cutting  edge  is  made  as  required,  the  angle  usually 
being  about  90  degrees. 

The  recessing  or  boring  tool  shown  at  B  has  its  sides  helically  re- 
lieved, giving  a  clearance  angle  of  from  5  to  8  degrees,  which  is  found 
satisfactory  for  ordinary  work.  For  brass  work  this  tool  is  cut  on  the 
center  or  below,  as  shown  by  the  dotted  line  &,  and  for  steel  work  the 
same  as  already  stated  for  chamfering  tool  A. 
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Where  the  hole  in  the  work  is  of  such  a  diameter  that  a  tool  made 
similar  to  those  shown  at  A  and  B  would  be  too  slender  to  do  efficient 
work,  one  similar  to  that  shown  at  C  and  D  can  be  used.  The  diam- 
eter of  the  cutting  end  of  this  tool  need  only  be  about  0.008  to  0.012 
inch  smaller  than  the  hole.  The  distance  a  should  be  about  0.015  inch 
greater  than  the  depth  of  the  recess,  and  h,  of  course,  will  equal  ^  a. 
The  amount  c  that  the  cutting  edge  is  cut  below  the  center,  should  be 
enough  to  give  the  tool  suflBcient  negative  rake  for  brass,  but  for  steel 
It  should  be  cut  0.1  of  the  diameter  above  the  center. 

A  good  method  of  making  this  tool  is  as  follows:  Take  a  piece  of 
drill  rod  of  a  diameter  equal  to  the  diameter  of  the  shank  required 


Flff.  SIC.    Various  Types  of  Beossslng  Tools 

and  insert  it  in  a  draw-in  chuck  held  in  a  bench  or  other  suitable 
lathe.  Turrf  down  the  body  of  the  tool  to  the  diameter  required,  then 
remove  the  tool  from  the  chuck,  and  put  it  back  with  a  narrow  strip 
of  sheet  steel  or  brass  placed  alongside  of  it,  the  thickness  of  which 
will  equal  the  dimension  &,  Fig.  20.  When  the  tool  has  been  tightened 
in  the  chuck,  light  cuts  can  be  taken  until  the  desired  amount  of  ma- 
terial has  been  removed.  When  the  tool  has  been  turned  eccentric,  as 
shown  at  C,  a  small  groove  is  milled  in  it  as  shown  at  D,  and  the  tool 
backed  off  for  clearance.  It  is  then  hardened  and  drawn  very  care- 
fully in  oil.  If  the  amount  of  eccentricity  required  on  the  tool  is  such 
that  the  tool  could  not  be  held  firmly  in  a  chuck  with  a  piece  of  sheet 
steel  inserted  alongside  of  it,  a  bushing  should  be  made  with  an  eccen- 
tric hole,  the  eccentricity  of  the  hole  in  the  bushing  being  equal  to  the 
eccentricity  required  on  the  tool. 

Chamfering  and   recessing  tools   should   be   made   slightly   smaller 
than  the  diameter  of  the  drilled  hole  and  the  body  should  never  be 
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longer  than  is  necessary  to  clear  the  work,  allow  the  chips  to  pass  out. 
and  the  oil  to  penetrate  to  the  cutting  edge.  For  general  conditions 
the  following  proportions  for  chamfering  and  recessing  tools  will  be 
found  satisfactory: 

Proportions  for  Chcmiferinfir  Tools  (for  Notation  see  Figr.  17) 

A  =  diameter  of  hole  before  reaming,  or  diameter  of  drill. 

B  =  diameter  of  chamfering  tool  =  A  —  0.025  to  0.030  inch, 

C  =  diameter  of  chamfered  hole, 

D  =  length  of  work,  or  distance  that  tool  projects  in  from  the  face 

of  the  work, 
£?=  length  of  body  of  tool  =  1.251), 
#F  =  diameter  of  body  of  tool  (when  included  angle  =  90  degrees)  = 
B— (2fl^-f  0.025  to  0.030 inch). 
G  =  width  of  blade  =  0.25  B  =  2ff, 
/  =  diameter  of  shank,  as  follows: 

When  A  =  from  ^  to  V^  inch.  /  =  ^  inch. 
A  =  from  14  to  ^  inch.  /  =  V2  inch. 
A  =  from  %  to  %  inch,  7=1  inch. 
IT  =  total  length  of  tool,  as  follows: 

When  /  =  y4  inch,  K  =  E-\-%  inch. 
7  =  1^  inch,  ^  =  ^-fiyi  inch. 
7=   1  inch,  ^  =  JS;-f  1V(>  inch. 

Proportions  for  Becessingr  Tools  (for  Notation  see  Figr.  18) 

A  =  diameter  of  hole  before  reaming,  or  diameter  of  drill, 

B  =  diameter  of  recessing  tool  =  A  —  0.025  to  0.030  inch, 

C  =  diameter  of  recessed  hole, 

D  =  distance  from  face  of  work  to  extreme  depth  of  recessed  hole, 

£7=  length  of  body  of  tool  =  1.25  D, 

F  =  diameter  of  body  of  tool  =  B— (C  —  B -h  0.020), 

0  =  width  of  blade  =  0.2  B, 

J?  =  diameter  of  shank,  as  follows: 

When  A  is  from  %  to  %  inch,  fl^=i4  Inch. 

A  is  from  H  to  %  inch,  77=  Mi  inch. 

A  is  from  V2  to  %  inch,  77=   1  inch. 
7  =  total  length  of  tool,  as  follows: 

When  H=^Va  inch,  7  =  ^+    %  inch. 

77=14  inch.  I  =  E-\-lV4.  Inch. 

77=   1  inch,  l=zE-\-lV2  Inch. 

Proportions  for  Tools  used  in  Recessingr  Holes  of  Small 
Diameter  (for  Notation  see  Figr.  10) 

A  =  diameter  of  hole  before  recessing,  or  diameter  of  drill, 

B  =  depth  of  recess, 

C  =  diameter  of  cutting  portion  of  recessing  tool  =  A  —  from  0.010 

to  0.020  inch. 
7)  =  diameter   of  eccentric  body  of  tool  =  C — (B -h  from   0.010   to 
0.020  inch), 
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i?  =  distance  from  face  of  work  to  extreme  depth  of  recessed  hole, 

F  =  length  of  body  of  tool  =  1.20  JgJ, 

0  =  width  of  blade  =  0.20  C, 

H  =  diameter  of  shank  of  tool,  which  is  the  same  as  previously  given 

for  the  tools  shown  in  Figs.  18  and  19. 
/  =  total  length  of  tool,  as  follows: 

When  fl-  is  %  inch,  7  =  F-f    %  inch. 
^  is  %  inch,  /  =  F+  IV4  inch. 
H  is    1  inch,  /  =  F-|- 1%  inch. 
It  will  be  noted  that  the  lengths  of  the  bodies  E  and  F  on  chamfer- 
ing and  recessing  tools,  respectively,  will  be  governed  to  a  consider- 
able extent  by  the  character  of  the  holder  used,  and  the  relative  posi- 
tions of  the  cross-slide  tools  during  the  recessing  operation,  and  also 


Flff.  ai.    B.  A  8.  SwlQff  Tool-holder  and  Rlsinff  Block  for  Operatlnv  it 

by  the  depth  of  recessed  hole  required.     Usually  the  proportions  given 
will  be  found  satisfactory  for  general  work. 

Recessing  Tool  Holders 

In  Fig.  21  is  shown  a  recessing  tool  holder  which  is  commonly  called 
a  swing  tool.  The  swinging  member  A  of  this  holder  is  held  to  the 
body  B  by  a  stud  and  screw  a.  The  pin  h  held  in  the  swinging  mem- 
ber  is  kept  tight  up  against  the  end  of  the  set-screw  c  by  means  of  a 
small  coiled  spring,  not  shown,  which  is  held  in  the  member  B.  The 
set-screw  c  is  also  used  for  bringing  the  tool  concentric  with  the  hole  in 
in  the  work.  The  set-screw  d  holds  the  recessing  tool  In  the  swinging 
holder.  To  operate  this  tool,  the  ordinary  rising  block  which  is  used 
under  the  circular  tool  holder  is  removed,  as  already  mentioned,  and 
the  block  shown  to  the  right  in  the  illustration  is  substituted  In  its 
place.  This  block  is  intended  only  for  straight  work,  the  cam  E  being 
adjusted  longitudinally  in  a  slot  in  plate  C. 

The  rising  block  shown   in  Fig.   22   is  adjustable  for  taper  work. 
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Plate  C  has  a  longitudinal  groove  c  cut  in  it,  in  which  the  adjusting 
arm  D  can  be  adjusted  in  or  out,  as  desired.  When  the  desired  posi- 
tion is  obtained,  it  is  clamped  by  means  of  the  screws  d.  On  this  ad- 
justable plate  D  is  fastened  a  swinging  plate  which  rotates  on  the 
small  pin  e  and  is  adjusted  by  the  set-screw  /.  When  this  plate  Is  set 
in  the  desired  position  it  is  locked  by  means  of  the  screw  g.  This 
rising  block  can  be  used  for  a  variety  of  work,  as  the  setting  and 
shape  of  the  plate  E  will  determine  the  shape  produced  on  the  work. 
When  it  is  essential  to  have  a  hole  in  the  work  concentric  with  the 
external  circumference  of  the  work,  a  block  as  shown  in  Fig.  22  can 
be  used  In  conjunction  with  the  recessing  or  swinging  tool  holder 
shown  in  Fig.  21,  the  operation  of  truing  the  hole  being  similar  to 


Fiff.  aa.    standard  Bislnff  Block  used  for  Operating  Bwlxiff  Tools 

boring  a  hole  in  an  ordinary  lathe.  For  this  class  of  work,  of  course, 
it  is  usually  necessary  to  take  only  one  cut,  so  that  complicated  cams 
are  avoided,  but  in  special  cases  the  work  in  hand  will  decide  whether 
it  would  be  advisable  to  take  one  or  more  cuts. 

Returning  to  the  swinging  tool  holder  shown  in  Fig.  21,  the  set-screw 
/  is  used  for  bringing  the  recessing  tool  concentric  with  the  hole  in 
the  work.  A  small  clamping  nut  g  is  provided  for  locking  it,  when  in 
the  desired  position.  The  sizes  of  the  hole  h  in  the  holders  fpr  the 
various  machines  do  not  fit  the  sizes  of  shanks  for  recessing  tools 
recommended  above,  but  are  smaller,  as  follows: 

For  the  No.  00  machine,  ?i  =  3/16  inch. 
No.  0  machine,  /i  =  l/4  inch. 
No.     2  machine,  h  =  l/2    inch. 

For  large  recessing  tools  the  shank  sizes  required  to  fit  these  hold- 
ers are  rather  too  small. 
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In  Fig.  23  is  shown  another  design  of  recessing  tool  holder  which 
will  sometimes  he  found  very  convenient.  In  the  tool-holder  shown 
the  swinging  memher  A  is  held  to  the  body  of  the  tool -holder  B  by 
means  of  the  screw  C.  The  body  of  this  screw,  which  passes  into  the 
holder  B,  is  turned  eccentric  to  that  part  of  the  screw  which  works 
in  the  swinging  member  A.  A  detail  view  of  this  screw,  used  in  a 
bolder  for  a  No.  00  machine,  is  shown  to  the  right  in  the  illustration. 
It  can  be  seen  that  a  slight  adjustment  of  this  screw  will  locate  the 
recessing  tool  concentric  with  the  hole  In  the  work.  This  Is  found  to 
be  a  very  practicable  addition  In  some  cases,  especially  when  the  hole 
in  the  work  is  extremely  small,  not  allowing  the  difference  between 
tbe  external  diameter  of  the  recessing  tool  and  that  of  the  hole  to  be 
very  great.  This  screw  also  provides  for  any  inaccuracy  In  the  mak- 
ing of  the  holder,  as  it  is  usually  found  a  difficult  proposition  to  get 
these  tool-holders  to  line  up  exactly. 
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Vig.  as.    Another  Type  of  Swlxiff  or  Recesslnir  Tool  Holder 

The  construction  of  this  holder  is  somewhat  different  to  that  shown 
in  Fig.  21,  especially  in  the  method  of  holding  A  to  the  member  B^ 
A  shoulder-screw  E  is  tapped  into  part  B  and  is  made  a  loose  fit  in 
the  swinging  part  A,  the  latter  having  an  elongated  hole  to  allow  the 
holder  to  swing.  The  head  of  the  screw  E  allows  the  swinging  part 
of  the  holder  to  slide  easily  underneath  it.  This  holder  has  an  adjust- 
able stop  F,  so  that  once  the  holder  is  set,  it  will  always  come  back 
Into  the  exact  position.  The  set-screw  or  stop  F  which  bears  against 
the  body  of  the  screw  E  is  locked  by  means  of  a  nut.  O  is  the  screw 
against  which  the  operating  cam  attached  to  the  rising  block  bears. 
This  screw  has  a  shoulder  against  which  a  small  coiled  spring  acts, 
thus  keeping  the  screw  F  held  in  the  swinging  member  A  up  against 
the  screw  E.  Split  bushings  are  used  for  holding  the  recessing  tools 
in  this  holder.  This  tool  can  be  made  very  accurately  and  is  used  for 
fine  and  delicate  work. 

Performing  Facing  Operations  with  Swing  Tools 

Swing  tools  are  not  only  used  for  recessing  and  chamfering  oper- 
ations, but  can  also  be  used  for  straight,  taper  and  irregular  turning 
operations,  and  when  necessary  may  be  used  for  facing.  It  Is  some- 
times found  necessary  to  cup  out  a  piece  of  work,  leaving  a  very  thin 
wall.     Now,  if  the  ordinary  facing  tool  were  used  in  the  turret,  the 
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cutting  pressure  would  force  this  thin  wall  back,  and  as  soon  as  re- 
lieved of  the  pressure,  it  would  spring  back  again  to  its  normal  posi- 
tion, or  nearly  so,  thus  making  it  difficult  to  produce  a  perfectly  square 
face  in  the  work.  For  this  class  of  work  a  swing  tool  as  shown  in 
Fig.  24  is  found  advisable.  When  in  operation,  the  facing  tool  C  shown 
in  the  holder  is  brought  up  until  the  cutting  edge  is  in  line  with  the 
face  of  the  work.  When  it  is  in  this  position  it  is  fed  a  slight  amount 
into  the  work,  equal  to  the  depth  of  the  cut  to  be  taken.  Then  the 
cross-slide  advances,  forcing  the  tool  forward,  thus  turning  the  face 
in  a  manner  similar  to  that  of  an  ordinary  facing  operation  in  the 
lathe.  If  one  cut  is  not  sufficient  to  true  up  the  face,  of  course  a  sec- 
ond cut  can  be  easily  taken.  This  method  of  turning  will  be  found 
satisfactory  when  all  others  fail.    This  swing  tool  is  constructed  some- 
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Pier.  24.    SwlQff  Tool  used  for  Paoin«r  Operations 

what  similarly  to  those  previously  described,  with  a  slight  modifica- 
tion to  suit  the  requirements.  The  turning  tool  C  Is  made  from  a 
square  section  of  either  carbon  or  high-speed  steel  and  is  adjusted  by 
means  of  the  two  set-screws  A.  The  turning  tool  rests  on  the  small 
pin  B  which  acts  as  a  fulcrum.  By  means  of  this  pin  and  the  two 
set-screws  the  tool  can  be  set  to  the  correct  height. 

When  making  a  cup-shaped  piece  of  work  similar  to  that  shown  in 
Fig.  25,  usually  the  best  procedure  to  follow  is  to  first  drill,  rough 
counterbore  and  form  all  at  the  same  time.  A  rough  counterbore  can 
be  used  similar  to  that  shown  at  B,  Fig.  14.  Following  the  counter- 
boring  operation,  a  swing  tool  similar  to  that  shown  in  Fig.  24  is  used 
to  square  up  the  inside  face  which  has  become  slightly  concave,  due 
to  the  fact  that  the  heat  generated  between  the  side  of  the  form  tool 
and  the  work  causes  the  work  to  spring  away  from  the  tool. 

If  it  is  necessary  to  have  the  back  face  of  the  piece  square  as  well 
as  the  inside  face,  a  revolving  support  can  be  used  in  the  turret,  fol- 
lowing the  rough  counterboring  operation  or  the  first  facing  operation, 
as  the  case  may  be;  preferably  it  should  follow  the  facing  operation. 
This  support  is  used  in  conjunction  with  a  shaving  tool  carried  on 
either  cross-slide,  as  may  be  necessary,  and  is  brought  up  against  the 
inside  face  of  the  work.    The  shaving  tool  is  then  fed  across  the  back 
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VUf.  26.  Diagram  ffivinff  Notation  used 
in  ^e  Derivation  of  Feeds  for  Facing 
Operation* 


face  of  the  work,  taking  a  light  shaving  cut.  If  necessary  it  can  also 
take  a  light  cut  off  the  shank,  if  it  is  desired  to  get  the  diameter  closer 
than  within  limits  of  0.0015  inch.  Care  should  1)0  taken  to  have  the 
spindle  adjusted  so  that  there  is  no  end  play,  and  to  have  the  dwell 
on  the  cam  uniform,  because  if  the  lobe  for  the  revolving  support  is 
not  uniform  but  has  slight  rises  on  it,  it  will  produce  an  uneven  finish 
on  the  back  face  of  the  work,  thus  defeating  the  object  of  the  shaving 
operation. 

When  the  wall  is  very  thin,  that  is  when  the  distance  B  equals  about 
ten  times  the  dimension  A,  two  facing  cuts  should  be  taken.      It  is 

preferable,  when  performing  facing 
operations  of  this  character,  to  op- 
erate the  swing  tool  from  the  front 
cross-slide  and  start  the  cut  from 
the  center  of  the  work  out  to  the 
full  diameter.  Operating  the  swing 
tool  from  the  front  cross-slide  per- 
mits the  tool  to  be  turned  upside 
down  (when  the  spindle  is  running 
forward),  thus  allowing  the  chips 
to  be  removed  easily.  However, 
when  high  periphery  velocities  are 
used  on  steel,  it  is  generally  prac- 
ticable to  have  the  swing  tool  oper- 
ated from  the  rear  cross-slide,  or  else  run  the  spindle  backward,  so 
that  a  good  supply  of  oil  can  reach  the  cutting  edge  of  the  tool. 

Feeds  for  Facing  Operations 

The  feeds  and  depths  of  chip  for  facing  operations  are  given   in 
Table  VI.    The  values  of  C  in  the  first  column  equal  B  divided  by  A 
(see  Fig.  25).    For  example,  assume  that  B  =  0.25  inch.    Then  when 
0.250 

it  =  0.025  inch,  e  = =10.  or,  in  other  words.  B  =  10  times  A. 

0.0250 

It  will  be  noted  that  the  feeds  given  are  approximately  the  same  for 
brass  rod  and  machine  steel;  this  has  been  found  satisfactory.  When 
the  distance  B  is  greater  than  12  times  A,  the  form  tool,  or  other 
means  of  supporting  the  thin  wall  against  the  pressure  of  the  cut 
should  be  provided.  Where  the  form  tool  is  used  for  this  purpose  It 
should  be  made  perfectly  straight,  that  is,  without  side  clearance,  and 
it  should  be  ground  and  lapped.  In  this  operation  the  form  tool  Is 
dropped  back  from  the  shank  E  of  the  work  to  a  distance  about  0.010 
inch  and  allowed  to  dwell  in  this  position  until  the  facing  operation 
is  completed.  A  copious  supply  of  good  lard  oil  should  be  supplied  to 
the  tools.  The  feeds  under  these  conditions  can  sometimes  exceed 
those  given  in  Table  VI. 

Rise  on  Cross- slide  Cam  for  Recessing  and  Chamfering 
When  using  the  recessing  holders  previously  described  it  is  obvious 
that  the  rise  on  the  cam  will  be  greater  than  the  distance  which  the 
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To  illustrate  the  method  of  finding  the  rise 
26,  where 


tool  is  fed  into  the  work, 
on  the  cam,  refer  to  Fig. 

A  =  distance  from  center  of  fulcrum  to  center  of  the  recessing  tool, 

B  =  distance  from  center  of  fulcrum  to  point  of  application  of  cam 
or  center  of  screw  /  (see  Fig.  21), 

C  =  diameter  of  recessing  tool,  1 

D  =  diameter  of  drilled  hole  in  the  work, 

jE7  =  diameter  of  recessed  hole, 


TABLB  VL 

FBBD8  FOB  FACING  TOOLS  ICADB  FBOM  HIQH-SFBBD 
AMD  OABBON  8TBBL 

0.(X».i]ich  Chip                                                    1 

VahMofC 

BiMtRod, 
FMdper 

HachiiM  Steal. 
F«ed  p«r 

Tool  Steel. 
Feed  per 
BeToltttio& 

12.0 

11.0 

10.0 

0.0 

8.0 

0.0006 
0.0010 
0.0020 
0.0080 
0.0040 

0.0007 
0.0000 
0.0015 
0.0025 
0.0080 

0.0005 
0.0007 
0.0010 
0.0015 
0.0020 

O.0(».liich  Chip                                                   1 

7.0 
6.5 
6.0 
5.5 
5.0 

0.0040 
0.0050 
0.0065 
0.0060 
0.0070 

0.0080 
0.0088 
0.0040 
0.0045 
0.0050 

0.0020 
0.0022 
0.0025 
0.0028 
0.0080 

O-OlO-inch  Chip                                                 1 

/ 

4.5 
4.0 
8.5 
8.0 

0.0048 
0.0050 
O.0055 
0.0060 

0.0080 
0.0084 
0.0037 
0.0040 

0.0080 
0.0084 
0,0087 
0.0040 

r  =  travel  of  recessing  tool=- 


E—C 


'R  =  rise  on  the  cam. 

Then  R  :  r  :  :  B  :  A.    To  illustrate  this  more  clearly  we  will  take  a 
practical  example.    Let  r  equal  0.040  inch;  B,  2^  inches;  A,  1%  inch; 
0.040  X  2% 

then  R  = =  0.080  inch. 

1% 

Care  should  be  taken  to  set  the  recessing  tool  exactly  in  the  center 
of  the  hole,  so  that  it  will  not  strike  the  side  when  being  forced  into 
or  backed  out  of  the  work.  If  care  is  not  taken  in  this  respect,  the 
appearance  of  the  work  turned  out  will  not  be  creditable,  and  the  tool 
may  be  broken. 
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In  Fig. 

and  2  Brown  ft  Sharpe  automatic  screw  machines.  These  templets  are 
used  for  laying  out  cams  when  it  is  necessary  to  have  the  starting  or 
finishing  points  of  the  lobes  on  the  cross-slide  and  lead  cams  in  a  cer« 
tain  definite  relation  to  each  other. 
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FOINT  or  APPUOATION  OF  CAM' 

Maakin€rv,N.  Y, 


FiiT.  flO*    DlAffrsm  for  flnding^  Bla«  on  Ore—  elide  OAm  for  Reoeesixiff 
and  ObMnferlnff  Ox>«r»ttona 

These  templets  are  used  as  follows:  The  center  A  is  pivoted  at  the 
center  of  the  cam  drawing  by  a  pin  or  other  pointed  instrument  which 
is  inserted  in  the  center  hole  provided  in  the  lever.  The  main  body 
of  the  templet  B  can  then  be  rotated  in  any  desired  position  so  that 


QnmM  or  FULemini     >#, 


-  CEltTEH  OF  FUlJCftyii 
Of  LEAD  CAM  LCVE^ 


QUI  htVm  TEMf  LCnfr 
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tA-m  LPitm  TEHPLETI      ^  G*W  LfVEfl  ITEMPlETS 

FOH  t40.Q.a.*&AmT0,f,M,         A         F(lfl  NO  00.  Bi  48.  AUTan.  H, 


FliT.  97.  Nos.  OO,  O.  1  and  2,  B.  A  B.  Automatlo  Screw  liachine  Oam  Lever 
Templets  for  finding  the  Starting  and  Finishing  Points  of  the  Lobes  for  the 
Oross  slide  and  Lead  Cams 

the  rolls  of  the  cam  levers  can  be  set  in -their  respective  relations  to 
each  other.  In  this  way  the  starting  or  finishing  points  of  the  lead 
and  cross-slide  cam  lobes  can  very  easily  be  obtained,  as  will  be  fur- 
ther explained  in  the  following. 

These  cam  lever  templets  are  made  from  sheet  celluloid,  thus  mak- 
ing them  transparent  so  that  any  marks  placed  on  the  drawing  can 
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easily  be  detected,  such  as  the  location  of  the  roll,  whether  on  the  top 
of  the  lobe,  on  the  rise  of  the  lobe,  or  on  the  drop  of  it.  The  templets 
are  manufactured  by  the  Brown  &  Sharpe  Mfg.  Co.,  Providence,  R.  I. 

Methods  of  Laylner  out  Cams  for  Chamferiner 

In  Fig.  28  is  shown  a  method  for  finding  the  starting  and  finishing 
points  on  the  lobes  of  the  cross-slide  and  lead  cams  for  chamfering. 
These  points  can  very  easily  be  obtained  by  means  of  the  cam  lever 
templets  shown  in  Fig.  27.  As  was  previously  explained  in  regard  to 
these  templets  the  center  A  (see  Fig.  27)  is  pivoted  at  the  center  of 
the  cam. 

There  are  two  methods  used  in  laying  out  a  set  of  cams  when  it  is 
necessary  to  obtain  clearances  or  definite  starting  points  for  the  lead 
and  cross-slide  lobes.  The  first  one  is  to  obtain  a  rough  estimate  of 
the  total  number  of  revolutions  required  to  complete  one  piece,  after 
which  the  revolutions  are  transferred  into  hundredths  of  cam  circum- 
ference, and  the  location  of  the  lobes  laid  out  on  the  cam  circles.  Then 
the  rises  and  drops  are  constructed  and  the  amount  of  clearance  ob- 
tained by  the  cam  lever  templets.  This  method  usually  requires  con- 
siderable experience  in  this  line  of  work. 

Another  method,  and  one  which  the  writer  considers  superior  to  that 
given,  is  to  first  find  the  rise  on  the  cross-slide  cam  for  chamfering 
(see  Fig.  26).  Then  draw  a  diagram  as  shown  in  Fig.  28.  First  draw 
circles  L  and  iS,  representing  the  largest  diameter  of  the  lead  cam  and 
the  largest  diameter  of  the  cross-slide  cam,  respectively.  Then  draw 
another  circle  H  a  distance  R  inside  of  the  circle  8,  as  shown,  the 
dimension  R  being  the  rise  on  the  cross-slide  cam.  It  is  obvoius  that 
in  chamfering  operations  the  tool  should  have  been  moved  longi- 
tudinally the  proper  distance  into  the  work  before  the  cross-slide  cam 
starts  to  operate  upon  it.  Therefore,  the  lead-cam  roll  should  be  on 
the  highest  point  of  the  lobe  before  the  cam  on  the  cross-slide,  used 
for  feeding  in  the  tool,  touches  the  tool  holder.  In  order  to  accom- 
plish this  result,  proceed  as  follows.     Draw  a  circle  G,  as  shown  in 

1 

Fig.  28,  which  has  a  radius  an  amount  R  -{-  D  -\ smaller  than  that 

16 
of  circle  8.    The  value  of  D  is  shown  in  Fig.  17;  the  1/16  inch  added 
to  D  allows  for  clearance.     After  these  circles  have  been  drawn,  we 
can  find  the  starting  and  finishing  points  of  the  lobes. 

The  cam  lever  templet  is  now  brought  into  position,  and  the  lead 
cam  roll  placed  so  that  its  circumference  touches  the  lobe  on  the  lead 
cam  and  its  center  coincides  with  the  line  A  indicating  the  completion 
of  the  lead-cam  rise.  Then  the  cross-slide  lever  is  swung  do>vn  so  that 
the  circumference  of  the  roll  touches  the  circle  G  as  shown,  and  with 
a  sharp  pencil  a  line  is  scribed  around  the  circumference  of  the  roll, 
which  will  determine  the  quick  rise  of  the  cam.  The  compasses  are 
then  set  to  the  desired  radius  for  the  quick  rise  of  the  cam  which  is 
described  so  that  it  will  cut  the  circle  H,  representing  the  start  of  the 
rise  on  the  cross-slide  cam,  and  also  be  tangent  to  the  line  which  has 
been  previously  marked  by  scribing  around  the  cross-slide  lever  roll. 
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Where  the  quick  rise  of  the  cam  and  the  circle  H  meet*  will  be  the 
starting  point  of  the  rise  on  the  cross-slide  cam,  indicated  by  the  line 
B  as  shown. 

When  we  have  found  the  starting  points,  the  next  thing  is  to  obtain 
the  ending  or  "finish**  points  of  the  lobe.  It  is  obvious  that  the  lead 
cam  should  hold  the  tool  In  position  until  the  cross-slide  cam  has 
dropped  back  an  amount  equal  to  the  distance  which  it  has  forced  the 
tool  into  the  work.  A  line  F  is  taken  at  any  convenient  position  for 
the  "finish"  of  the  lead  cam,  and  the  cam  lever  templet  is  then  brought 
into  position  so  that  the  roll  of  the  lead  lever  touches  the  circle  and 
the  center  coincides  with  the  line  F  as  shown.  The  cross-slide  roll  Is 
then  swung  down  until  its  circumference  touches  the  circle  H  and  a 
line  is  scribed  around  the  circumference  of  the  roll.    Where  this  line 


^^tW^^CENTER  or  rULCROM  OT  CROSa^SUOE  L£VER 


Plff.  38.    Diagram  for  flndlncr  the  Btertiutf  mad  Fiuishiuir  Puluts  ot  the  Lol>es 
of  the  OroaO'Sllde  and  Lead  Cams  for  Obamferlnff  Operations 

intersects  the  circle  representing  the  largest  diameter  of  the  cam,  will 
be  the  finishing  point  of  the  lobe,  provided  the  distance  i?  is  not 
greater  than  the  radius  of  the  roll.  If  distance  R  is  greater  than  this, 
the  line  representing  the  drop  should  be  constructed  tangent  to  the 
roll  circumference,  and  where  the  line  representing  the  drop  intersects 
the  outside  circle  will  be  the  finishing  point  of  the  lobe,  as  indicated 
by  line  C.  The  space  from  E  to  C  represents  from  one  to  two  revolu- 
tions for  dwell  on  the  cross-slide  cam. 

Now  it  can  be  clearly  seen  that  the  advantage  of  this  method  is  that 
the  amount  of  clearance  between  the  starting  and  finishing  points  of 
the  lead  and  cross-slide  cams  is  known  in  hundredths  of  the  cam  cir- 
cle circumference  before  the  cams  themselves  are  laid  out,  thus 
facilitating  the  operation  of  laying  out  the  cams. 

Methods  of  Layingr  out  Cams  for  Becessinsr 

In  Fig.  29  a  method  is  shown  for  finding  the  starting  and  finishing 
points  on  the  lobes  of  the  cross-slide  and  lead  cams  for  recessing.  To 
determine  these  points  the  cam  lever  templets  are  again  brought  into 
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(H)eration.  The  starting  point,  determined  by  line  A,  and  the  circle 
representing  the  dwell  on  the  lead  cam  are  first  laid  out.  A  circle  is 
then  drawn*  the  radius  of  which  is  a  distance  K  (see  Figs.  18  and  19) 
greater  than  the  circle  representing  the  dwell  on  the  lead  cam.  Before 
this  is  done,  of  course,  a  maximum  diameter  of  cam  should  be  decided 
upon,  which  will  suit  the  length  of  the  tool-holder  used  in  the  turret. 
A  circle  passing  through  the  starting  point  of  the  rise  of  the  cross- 
slide  cam,  as  well  as  a  circle  representing  the  dw^ll  on  the  cross-slide 
cam  should  also  be  drawn,  the  difference  in  radii  between  these  two 
circles  being  the  rise  R,  Now  the  cam  lever  templets  are  placed  in 
position  on  the  drawing,  and  the  lead  roll  brought  down  so  that  it 
touches  the  lead  cam,  its  center  coinciding  with  line  A.    A  circle  M  is 

1 
next  drawn,  having  a  radius  L  -\ inch  less  than  that  of  the  circle 

16 


CENTER  OF  FULCRUM  OP  LEAD  LEVER 


Fig,  20.    DUgram  for  finding  the  Btarttaff  and  Flnlahlng  Points  on  tbe  Lob«« 
of  tbe  OroMhsllda  and  Lead  Cams  for  ffem— lutf  Operations 

passing  through  the  starting  point  of  the  rise  of  the  cross-slide  cam. 
(See  Pig.  18  for  dimension  L).  The  cross-slide  roll  is  then  swung  down 
until  its  circumference  touches  the  circle  M,  as  shown,  and  a  line  is 
drawn  around  the  circumference  of  the  roll.  The  quick  rise  line  of 
the  cam  is  then  constructed  tangent  to  the  roll,  and  where  this  line 
intersects  the  circle  previously  drawn  and  which  determines  the  begin- 
ning of  the  slow  feeding-in  rise  of  the  cross-slide  cam,  is  the  starting 
point  of  the  slower  rise  of  the  cross-slide  cam,  as  shown  at  B.  The 
line  C,  .which  represents  the  finishing  point  of  the  rise  on  the  cross- 
slide  cam  for  feeding  the  tool  in  to  take  the  desired  chip,  is  then  laid 
off  and  the  cross-slide  roll  swung  into  position.  The  lead  roll,  is  then 
swung  down  until  it  touches  the  circle  representing  the  dwell  on  the 
lead  cam.  The  starting  point  of  the  rise  on  the  lead  cam,  located  on 
line  Z),  is  slightly  in  advance  of  the  finishing  point  on  the  cross-slide 
cam. 

The  finishing  points  of  the  lobes  are  the  next  things  that  require 
attention.    Any  line,  as  O,  is  taken  at  a  convenient  location,  and  the 
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cam  lever  templets  are  then  brought  Into  operation.  The  lead  roll  is 
first  brought  into  position  as  shown,  and  then  the  cross-slide  roll  is 
swung  down  from  the  outside  diameter  of  the  cam  a  distance  equal  to 
R,  and  the  drop  laid  off  as  before  mentioned  in  regard  to  chamfering 
operations.  The  finishing  point  of  the  cross-slide  lobe  would  then  be 
on  the  line  E.  The  space  from  C  to  £7  on  the  cross-slide  cam  would  be 
for  dwell,  while  the  space  from  D  to  G  on  the  lead  cam  would  be  the 
rise.  The  space  from  F  to  O  is  for  dwell  on  the  lead  cam,  which 
represents  about  one  or  two  revolutions. 

Speeds  for  ChaxnfiBrinfir  and  Recessing  Tools 

The  surface  speeds  used  for  recessing  tools  can  be  slightly  greater 
than  those  used  for  counterbores  on  account  of  the  light  feeds  and 


TABLB  Vn.    FBBD8  FOR  OHAMPBRINO  TOOLS  ICADB  VBOM  BIOB- 
8PBBD  AND  CARBON  BTRBLS 

DianMterof 

CaiaroferinrTool 

in  Inches 

Bam  Rod, 

Peed 

par  Revolution 

lUehlno  Steel, 
per  Revolution 

Tool  Steel. 

Feed 

per  Revolution 

1 
1 

0.0010 
0.0015 
0.0018 
0.0020 
0.0080 
0.0040 
0.0048 
0.0055 
0  0060 
0.ri065 
U.0070 
0.IO75 
0.0080 

0.0008 
0.0010 
0.0015 
0.0020 
0.0022 
0.0025 
0.0080 
0.0085 
O.0088 
0.0040 
0.0045 
0.0048 
0.0050 

0.0005 
0.0008 
0.0010 
0.0012 
0.0015 
0.0018 
0.0020 
0.0021 
0.0022 
0.0024 
0.0026 
'     0.0028 
0.0080 

small  amount  of  cutting  surface  in  contact  with  the  work.  As  a  rule, 
the  following  surface  speeds  can  be  used  on  the  materials  specified  with 
satisfactory  results: 


SPBBD8  FOR  RBCB88INO  TOOLS  MADB  FROM  CARBON  BTBBL 

Surface  Speed  in  Feet 
Material  per  Minute 

Brass   (ordinary  quality) 170-180 

Gun-screw  iron  60-70 

Norway  Iron  and  machine  steel ^ 45-55 

Drill  rod  and  tool  steel 35-40 

SPBBDe  FOR  RBOB8BINO  TOOLS  MADB  FROM  HIOH-SPBBD  STBBI. 

Surface  Speed  in  Feet 
Material  per  Minute 

Brass   (ordinary  quality) 200-225 

Gun-screw  iron  % 90-100 

Norway  iron  or  machine  steel 75-85 

Drill  rod  and  tool  steel 50-60 
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to  19,  it  would  be  advisable  in  most  cases  to  use  a  slightly  decreased 
feed.  No  definite  rule,  however,  can  be  given  for  this,  as  the  conditions 
vary  so  much.  Therefore,  the  feed  to  be  used  will  practically  be  a  mat- 
ter of  Judgment  and  can  be  found  in  no  other  way  than  by  experience. 

Feeds  for  Beoe88ing> 

In  Table  VIII  are  given  the  feeds  to  be  used  when  a  chip  from  0.010 
to  1/16  inch  thick  is  being  removed.  The  same  feeds  as  given  in 
Table  VII  are  used  for  feeding  the  recessing  tool  into  the  depth  of 
chip  required,  while  the  feeds  given  in  Table  VIII  are  used  for  feed- 
ing the  tool  longitudinally.  The  same  conditions  as  previously  men- 
tioned in  connection  with  chamfering  tools  should  be  taken  into  con- 
sideration here  also.  For  general  conditions  and  for  recessing  tools 
made  to  proportions  given  in  Pigs.  17  to  19  the  feeds  in  Table  VIII 
will  be  found  satisfactory.  In  steel  work,  especially,  it  is  usually 
found  advisable  to  decrease  the  feed  as  the  tool  approaches  the  end  of 
its  cut,  when  a  chip  varying  from  1/32  to  1/16  inch  thick  is  taken. 
This  rule  is  also  followed  when  a  finishing  cut  is  taken  with  a  box- 
tool  up  to  a  shoulder. 
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OUTLINB   OP  A   COURSE   IN  SHOP  AND   DRAPTTNO-ROOM 

MATHEMATICS,  MECHANICS,  MACHINE  DESIGN 

AND  SHOP  PRACTICE 

Any  intelligent  man  engaged  in  mechanical  work  can  acquire  a  well-rounded 
mechanical  education  by  using  as  a  guide  in  his  studies  the  outline  of  the 
course  in  mechanical  subjects  given  below.  The  course  is  laid  out  so  as  to 
make  it  possible  for  a  man  of  little  or  no  education  to  go  ahead,  beginning 
wherever  he  finds  that  his  needs  begin.  'The  course  is  made  up  of  units  so  that 
it  may  be  followed  either  from  beginning  to  end;  or  the  reader  may  choose 
any  specific  subject  which  may  be  of  especial  Importance  to  him. 


Preliminary  Course  in  Arithmetic 
Jig  Sheets  1A  to  5A: — Whole  Num- 
bers:     Addition,    Subtraction,     Multi- 
plication, Division,  and  Factoring. 

Jio  Sheets  6 A  to  15 A: — Common 
Fractions  and  Decimal  Fractions. 

Shop  Calculatione 

Reference  Series  No.  18.  Shop 
Arithmetic  for  the  Machinist. 

Reference  Series  No.  62.  Advanced 
Shop  Arithmetic  for  the  Machinist. 

Reference  Series  No.  53.  Use  of 
Logarithmic  Tables. 

Reference  Series  Nos.  54  and  55. 
Solution  of  Triangles. 

Data  Sheet  Series  No.  16.  Mathe- 
matical Tables.  A  book  for  general 
reference. 

Drafting-room  Practice 
Reference  Series  No.   2.     Drafting- 
room  Practice. 

Reference    Series    No.  8.     Working 

Drawings  and  Drafting-room   Kinks. 

Reference   Series  No.   33.     Systems 

AND   Practice  of  the  Drafting-room. 

General  Shop  Practice 

Reference  Series  No.  10.  Examples 
of  Machine  Shop  Practice. 

Reference  Series  No.  7.  Lathe  and 
Planer  Tools. 

Reference  Series  No.  25.  Deep  Hole 
DriDjno. 

Reference  Series  No.  38.  Grinding 
and  Grinding  Machines. 

Reference  Series  No.  48.  Files  and 
Filing. 

Reference  Series  No.  32.  Screw 
Thread  Cutting. 

Data  Sheet  Series  No.  1.  Screw 
Threads.  Tables  relating  to  all  the 
standard   systems. 

Data  Sheet  Series  No.  2.  Screws. 
Bolts  and  Nuts.    Tables  of  standards. 

Data  Sheet  Series  Nos.  10  and  11. 
Machine  Tool  Operation.  Tables  re- 
lating to  the  operation  of  lathes,  screw 
uiachines,   milling  machines,   etc. 

Reference   Series   Nos.    50    and   51. 


Principles    and   Practice   of   Assem- 
bling Machine  Tools. 

Reference  Series  No.  57.  Metal 
Spinning. 

Jigs  and  Fixtures 

Reference  Series  Nos.  41,  42  and  43. 
Jigs  and  Fixtures. 

Reference  Series  No.  3.     Drill  Jigs. 

Reference  Series  No.  4.  Milling 
Fixtures. 

Punch  and  Die  Work 

Reference  Series  No.  6.  Punch  and 
Die  Work. 

Reference  Series  No.  13.  Blanking 
Dies. 

Reference  Series  No.  26.  Modern 
Punch  and  Die  Construction. 

Tool  Making 

Reference  Series  No  64.  Gage 
Making  and  Lapping. 

Reference  Series  No.  21.  Measur- 
ing Tools. 

Reference  Series  No.  31.  Screw 
Thread  Tools  and  Gages. 

Data  Sheet  Series  No.  3.  Taps  and 
Threading  Dies. 

Data  Sheet  Series  No.  4.  Reamers, 
Sockets,  Drills,  and  Milling  Cutters. 

Hardening  and  Tempering 
Reference   Series  No.   46.     Harden- 
ing AND  Tempering. 

Reference  Series  No.  63.  Heat 
Treatment  of  Steel. 

Blacksmith  Shop  Practice 
and  Drop  Forging 

Reference  Series  No.  44.  Machine 
Blacksmithino. 

Reference  Series  No.  61.  Black- 
SMriH  Shop  Practice. 

Reference  Series  No.  45.  Drop  Forg- 
ing. 

Automobile  Construction 

Reference  Series  No.  59.  Machines. 
Tools  and  Methods  of  Automodile 
Manufacture. 

Reference  Series  No.  60.  Construc- 
tion AND  Manufacture  of  Automo- 
biles. 
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Theoretical  Mechanics 
Reference  Series  No.  5.    First  Prin- 
ciples OF  Theoretical  Mechanics. 

Reference  Series  No.  19.  Use  or 
Formulas  in  Mechanics. 

Oearlnsr 

Reference  Series  No.  15.  Spur 
Gearing. 

Reference  Series  No.  37.  Bevel 
Gearing. 

Reference  Series  No.  1.  Worm 
Gearing. 

Reference  Series  No.  20.  Spiral 
Gearing. 

Data  Sheet  Series  No.  5.  Spur 
Gearing.  General  reference  book  con- 
taining tables  and  formulas. 

Data  Sheet  Series  No.  6.  Betel, 
Spiral  and  Worm  Gearing.  General 
reference  book  containing  tables  and 
formulas. 

General  Machine  Design 

Reference  Series  No.  9.  Designing 
AND  Cutting  Cams. 

Reference  Series  No.  11.    Bearings. 

Reference  Series  No.  56.  Ball 
Bearings. 

Reference  Series  No.  58.  Helical 
AND  Elliptic  Springs. 

Reference  Series  No.  17.  Strength 
OF  Cylinders. 

Reference  Series  No.  22.  Calcula- 
tions OF  Elements  of  Machine  De- 
sign. 

Reference  Series  No.  24.  Examples 
OF  Calculating  Designs. 

Reference  Series  No.  40.  Fly- 
wheels. 

Data  Sheet  Series  No.  7.  Shafting, 
Keys  and  Keyways. 

Data  Sheet  Series  No.  8.  Bearings, 
Couplings,  Clutches,  Crane  Chain 
AND  Hooks. 

Data  Sheet  Series  No.  9.  Springs, 
Slides  and  Machine  Details. 

Data  She^t  Series  No.  19.  Belt, 
Rope  and  Chain  Drives. 

Machine  Tool  Design 
Reference   Series   No.   14.     Details 

OF  Machine  Tool  Design. 
Reference  Series  No.   16.     Machine 

Tool  Drives. 

Crane  Design 

Reference  Series  No.  23.  Theory  of 
Crane  Design. 

Reference  Series  No.  47.  Design 
of  Electric  OX'erhead  Cranes. 

Refeience  Series  No.  49.  Girders 
for  Electric  Overhead  Cranes. 


Steam  and  Oas  Bnsrlne  Design 

Reference  Series  Nos.  67  te  72,  in- 
clusive. Steam  Boilers,  Engines, 
Turbines  and  Accessories. 

Data  Sheet  Series  No.  15.  Heat. 
Steam,  Steam  and  Gas  Engines. 

Data  Sheet  Series  No.  13.  Boilers 
AND  Chimneys. 

Reference  Series  No.  65.  Formulas 
AND  Constants  for  Gas  Engine  De- 
sign. 

Special  Course  In  Locomotive  Deslfirn 
Reference  Series   No.   27.     Boilers, 

Cylinders,    Throttle    Valve,    Piston 

AND  Piston  Rod. 
Reference    Series    No.    28.    Theory 

and  Design  of  Stephenson  and  Wal- 

8CHAERT8   VaLVE    MOTION. 

Reference  Series  No.  29.  Smoke- 
box,  Frames  and  Driving  Machinery. 

Reference  Series  No.  30.  Springs, 
Trucks,  Cab  and  Tendeb. 

Data  Sheet  Series  No.  14.  Locomo- 
tive AND  Railway  Data. 

Dsmamos  and  Motors 
Reference  Series  No.  34.    Care  and 

Repair  of  Dynamos  and  Motors. 
Data  Sheet  Series  No.  20.     Wiring 

Diagrams,  Heating  and  Ventilation, 

AND  Miscellaneous  Tables. 
Reference  Series  Nos.  73  to  78,    in 

elusive.    Principles  and  Applications 

op  Electricity. 

Heating  and  Ventilation 
Reference    Series    No.    39.      Fans, 

Ventilation  and  Heating. 
Reference   Series  No.  66.     Heating 

AND  Ventilating  Shops  and  Offices. 
Data  She€a  Series  No.  20.     Wiring 

Diagrams,  Heating  and  Ventilation, 

AND  Miscellaneous  Tables. 

Iron  and  Steel 

Reference  Series  No.  36.  Iron  and 
Steel. 

Reference  Series  No.  62.  Testing 
THE  Hardness  and  Durability  of 
Metals. 

General  Reference  Books 

Reference  Series  No.  35.  Tables 
AND  Formulas  for  Shop  and  Draft- 
ing-room. 

Data  Sheet  Series  No.  12.  Pipe  and 
Pipe  Fittings. 

Data  Sheet  Series  No.  17.  Mechan- 
ics AND  Strength  of  Materials. 

Data  Sheet  Series  No.  18.  Beam 
Formulas  and  Structural  Design. 
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Automatic  Screw  Machine  Practice  for  the  Brown  ft  Sharpe  auto- 
matic screw  machines  is  covered  in  eight  Reference  Books,  Nos.  99  to 
106,  inclusive.  Reference  Book  No.  99,  "Operation  of  the  Brown  ft 
Sharpe  Automatic  Screw.  Machines,"  deals  with  the  construction  of 
these  machines  and  the  setting-up  of  the  tools.  No.  100,  "Designing  and 
Cutting  Cams  for  Automatic  Screw  Machines,"  gives  detailed  instruction 
on  cam  design,  and  describes  a  simplified  method  for  milling  cams. 
No.  101,  "Circular  Form  and  Cut-off  Tools  for  the  Automatic  Screw 
Machine,"  deals  with  the  general  arrangement  and  the  calculations  of 
these  tools,  and  describes  the  different  methods  employed  in  their 
making.  No.  102,  '.'External  Cutting  Tools  for  the  Automatic  Screw 
Machine,"  deals  with  the  design  and  construction  of  box-tools,  taper 
turning  tools,  hollow  mills,  and  shaving  tools.  Xo.  103,  "Internal  Cut- 
ting Tools  for  the  Automatic  Screw  Machine,"  deals  with  centering 
tools,  cross-slide  drilling  attachments,  counterbores,  reamers,  and  re- 
cessing tools.  No.  104,  "Threading  Operations  on  the  Automatic  Screw 
Machine,"  treats  on  cam  design  for  threading  operations,  threading 
dies,  taps  and  tap  drills,  die  and  tap  holders,  and  thread  rolling.  No. 
105,  "Knurling  Operations  on  the  Automatic  Screw  Machine,"  describes 
the  construction  of  knurling  holders,  and  gives  directions  for  the  mak- 
ing of  knurls  and  the  design  of  tools  and  cams  used  in  connection  with 
knurling  operations.  No.  106,  "Milling,  Cross-drilling  and  Burring 
Operations  on  the  Automatic  Screw  Machine,"  describes  screw-slotting 
attachments,  index  drilling  attachments,  and  burring  attachments,  giv- 
ing directions  for  their  use  and  for  the  design  of  cams  for  them. 
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CHAPTER  I 

ARRANGEMENT  OP  MACHINE  FOR 
THREADING  OPERATIONS 

The  subject  of  threading  on  the  Brown  &  Sharpe  automatic  screw 
machine  is  a  subject  which  confuses  the  beginner  on  account  of  the 
calculations  necessary  for  determining  the  rise  on  the  cam  due  to 
the  relation  between  the  speed  of  the  spindle  and  the  driving  shaft. 
The  various  reversing  devices,  tripping  devices  and  threading  attach- 
ments are  also  of  importance.  Until  the  various  devices  and  arrange- 
ments used  are  fully  understood,  good  results  cannot  be  expected. 

BeversinfiT  the  Spindle 
On  the  No.  00  Brown  &  Sharpe  automatic  screw  machine  the  spindle 
is  reversed  by  means  of  a  spring  plunger  shown  at  A,  Fig.  1;   this 


Fif .  1.    Bear  View  of  No.  OO  Brown  Ac  Sharpe  Automatic  Screw  Machine 
showing  Beverslng  Mechanism 

plunger,  acting  through  the  medium  of  the  friction  clutch  B,  reverses 
the  spindle,  from  forward  to  backward,  instantaneously.  But,  to 
reverse  the  spindle  from  backward  to  forward,  onto  a  slow  speed  (as 
is  sometimes  necessary  when  cutting  a  thread),  requires  one  revolu- 
tion of  the  driving  shaft.  This  shaft  runs  at  120  R.  P.  M.  In  a  given 
case,  the  spindle  speed  equals,  say,  2400  R.  P.  M.;  then  the  revolutions 

2400 
required  for  reversing  the  spindte  equal  =  20  revolutions  of  the 

120 
spindle.     The   20   revolutions   used    for   this  purpose    represents   lost 
time,  and  to  obviate  this,  the  Brown  &  Sharpe  Mfg.  Co.  has  provided 
a  speed  ratio  threading  attachment  which  is  used  in  the  turret.    This 
attachment  will  be  described  later. 
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On  the  No.  0  and  No.  2  Brown  &  Sharpe  automatic  screw  machines^ 
the  spindle  is  reversed  instantly  from  forward  to  backward  by  means 
of  cam  A  and  lever  B,  Fig.  2.  The  spindle  is  reversed  from  backward 
to  forward  by  means  of  the  same  cam  A  on  the  driving  shaft.  There 
are  two  lobes  on  this  cam,  and  it,  therefore,  requires  one-half  revolu- 
tion of  the  driving  shaft  to  reverse  the  spindle.  For  example,  let  the 
spindle  speed  equal  1800  revolutions  per  minute;  let  the  speed  of  the 
driving  shaft  equal  180  revolutions  per  minute.     Then  the  number  of 

1800 

revolutions  required  to  reverse  the  spindle^ =  5  revolutions. 

180X2 
To  reFverse  the  spindle  from  forward  to  backward  and  then  forward 
again   (as  would  be  necessary  where  two  threading  operations  come 


^'^ 

F\g.  2.    B«ar  View  of  No.  O  Brown  A  Sharpe  Automatic  Screw  Iffaotatne 
•howlnff  Revendnff  Mechanism  and  Belt  8hlftln«r  Attachment 

in  succession)  requires  i%  hundredths  of  the  cam  surface  on  account 
of  the  tripping  dogs  on  the  drum,  which  cannot  be  placed  any  closer 
together.  This  will  be  referred  to  further  under  the  heading  "Setting 
the  Tripping  Dogs  for  Threading." 

On  the  No.  2  Brown  &  Sharpe  automatic  screw  machine,  the  spindle 
is  reversed  in  the  same  manner  as  on  the  No.  0.  For  example,  let 
the  spindle  speed  equal  1200  revolutions  per  minute;  let  that  of  the 
driving  shaft  equal  120  revolutions  per  minute.  Then  the  number  of 
revolutions  required  to  reverse  the  spindle  from  backward  to  forward 

1200 

= =  5  revolutions;    to   reverse  the  spindle  from   forward  to 

120  X  2 

backward  and  forward  again  (as  we  explained  regarding  the  No.  0 
machine)  requires  3%  hundredths  of  the  cam  surface. 

Setting  the  Tripping  Dogs  for  Threading 
The  tripping  dogs  a,  Fig.  3,  which  are  used  for  reversing  the  spindle, 
feeding  the  stock,  and  revolving  the  turret  are  placed  on  the  various 
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drums  on  the  front  shaft  as  follows:  The  dog  for  reversing  the 
spindle  is  placed  on  drum  A,  for  feeding  the  stock,  on  drum  B,  and 
for  revolving  the  turret,  on  drum  C.  These  dogs  operate  the  levers  D, 
E,  and  F,  respectively,  which,  in  turn,  disengage  a  clutch  on  the  driv- 


Flff.  8.    Front  View  Showing  Feeding,  Reversing  and  Revolving  Devioes 

ing  shaft  on  the  rear  of  the  machine,  thus  operating  the  reversing, 
feeding  and  revolving  devices.  Where  two  threading  operations  follow 
In  succession,  the  time  required  to  revolve  the  turret  is  not  always 
suflacient    to    bring    the   second    tap   or    die    into    position.     This    is 


Flff.  4.    Reversing  Dogs  in  Position  on  Druna 

illustrated  in  Fig.  4,  where  two  tripping  dogs  are  shown  in  position  on 
the  drum.  To  illustrate  the  method  of  determining  whether  extra 
tinde  should  be  allowed  for  clearance,  take  a  practical  example.  As- 
sume that  a  set  of  cams  is  required  to  be  used  on  the  No.  2  Brown 
&  Sharpe  automatic  screw  machine.  Let  the  spindle  speed  equal 
1200  revolutions  per  minute;    let  the  time  required   to  complete  one 
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piece  equal  20  seconds.    Then  the  number  of  revolutions  to  complete 
1200  X  20 

one    piece  =: =  400    revolutions.     Referring   to    the   tables 

60 
for  laying  out  cams  in  Machinebt's  Reference  Book  No.  100,  we  find 

TABLB  I.    QBNBRAIi  DXMBNaiONB  OF  DRUM  AMD  RBVBRSIKQ  DOGS 


No.  of  Machine 

.A 

B 

c 

D 

E 

R 

00 

20°- 

if 

i 

i 

2 

0 

17° 

A 

i 

lA 

i 

n 

2 

14° 

ii 

A 

li 

A 

8i 

that  it  requires  five  hundredths  to  feed  stock,  plus  one  hundredth 
for  clearance.  This  gives  6  hundredths  to  revolve  the  turret.  Re- 
ferring to  the  accompanying  Table  I  we  find  that  the  angle  A  is  14 
degrees.  Then  if  the  number  of  hundredths  of  the  cam  surface  utilized 
in  revolving  the  turret  is  less  than  the  equivalent  of  14  degrees,  we 
would  have  to  add  more  for  clearance.     In  this  case  it  requires  6 

hundredths  to  revolve  the  turret.     Then, 

reducing  14  degrees  to  hundredths,  we 
100  X  14 

have, =  3.88  hundredths.    There- 

360 

fore,  additional  cam  surface  would  not  be 

necessary  in  this  case. 

Setting  the  Machine  for  the  Use 
of  Taps  and  Dies 

Before  the  reversing  mechanism  can 
operate,  the  clutch  G  must  engage  with 
clutch  U,  (See  Fig.  3.)  After  engaging 
these  clutches,  we  set  the  reversing  dog  a 
90  that  the  spindle  will  reverse  just  as  tne 
roll  passes  over  the  highest  portion  of  the 
thread  lobe  on  the  rear  cam,  as  shown 
pi«.  o.  Position  ofBou  on  Thread  exaggerated  in  Fig.  5.  When  the  spindle 
Lobe  When  spindle  trevr-d  j^  reversing  at  the  cxact  point  as  men- 
tioned, the  die  or  tap  holder  containing  the  die  or  tap  is  placed  in 
the  turret,  and  brought  into  position  as  shown  in  Fig.  6.  The  cam 
roll  is  set  on  the  thread  lobe  in  the  position  shown.  Here  a 
button  die  holder  A  (draw-out  type)  is  shown  in  position  ready 
to  start  on  the  work.  The  face  of  the  die  should  be  set  a  distance  a, 
which  varies  from  1/16  to  3/16  inch,  depending  on  the  pitch  of  the 
thread  and  the  length  of  the  threaded  portion,  away  from  the  part 
to  be  threaded.  If  the  die  does  not  travel  onto  the  work  far  enough 
at  the  first  setting,  the  holder  can  be  brought  further  out  of  the  tur- 
ret. The  same  procedure  can  be  followed  in  setting  the  tap,  except 
that  it  should  be  set  more  carefully,  only  going  into  the  work  a  slight 
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distance  in  starting,  and  then  moving  the  holder  out  of  the  turret 
until  the  desired  depth  is  reached.  It  is  sometimes  found  necessary, 
after  setting  the  tripping  dog,  to  adjust  it  slightly,  especially  when 
using  a  draw-out  die  or  tap  holder.  The  turret  should  not  be  revolved 
until  the  die  or  tap  is  clear  of  the  work. 

When  calculating  the  revolutions  of  the  spindle  required  for  thread- 
ing, a  greater  number  of  revolutions  should  be  allowed  than  the  exact 
number  of  threculs  required  on  the  piece,  depending  on  the  pitch  of 
the  thread,  and  in  some  cases  on  the  length  of  the  threaded  portion. 
as  when  a  short  thread  has  to  be  produced,  necessitating  the  threading 
of  a  longer  portion  and  then  facing  it  off.  This  is  to  allow  the  die  to 
approach  the  end  of  the  piece  on  the  rise  of  the  thread  lobe.     The 


arocAiB^t^.iV.r, 


Fly.  e.    Positton  of  RoU  on  Thread  Lobe  when  eettlnflr  I>i«  or  Tap 

actual  number  of  revolutions  required  for  threading  can  be  found  by 
the  aid  of  the  following  formulas: 

From  14  to  24  threads  per  inch,  J?  ^  Lp  + 15 

From  28  to  48  threads  per  inch,  i2  =  Lp  +  3  (1) 

From  56  to  80  threads  per  inch,  R  :=  Lp-\-  4.5 

where  L=  length  of  the  threaded  portion,  p  =  the  number  of  threads 
per  inch,  and  R  =  the  revolutions  of  the  spindle  required  for  threading. 
Owing  to  the  inconvenience  of  dividing  the  cam  surface  into  the 
same  number  of  equal  parts  as  the  revolutions  required  to  complete 
one  piece,  the  Brown  &  Sharpe  Mfg.  Co.  has  adopted  the  system  of 
dividing  the  cam  surface  into  one  hundred  equal  parts.  The  numoer 
of  hundredths  of  cam  circumference  required  for  any  operation  is 
obtained  by  dividing  the  number  of  revolutions  for  each  operation  by 
the  total  number  of  revolutions  required  to  complete  one  piece,  taking 
the  nearest  decimal  with  two  places.    For  example,  if  the  number  of 
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revolutions  required  for  the  die  to  advance  on  to  the  work  is  10,  and 
the  total  number  of  revolutions  required  to  complete  one  piece  is  200, 

10 

then =0.05,  or  5  hundredths  of  the  cam  surface. 

200 

Conatructincr  the  Thread  Lobe 

The  method  of  laying  out  the  cam  lobe  for  threading  is  shown  at 
Fig.  7.  The  outer  circle  A  indicates  the  relation  between  the  center 
of  the  fulcrum  of  the  lead  lever  and  the  cam.  This  circle  represents 
the  path  which  would  be  described  by  the  center  of  the  lead  lever  if 


Fly.  7.    Oraphloal  Method  of  Oonstructinff  Thread  Lobe 

it  were  revolved  around  the  cam.  The  radius  B  equals  the  distance 
from  the  center  of  the  roll  to  the  center  of  the  fulcrum  on  the  lead 
lever.  C  equals  the  vertical  distance  from  the  center  of  the  cam  to 
the  center  of  the  fulcrum  on  the  lead  lever,  and  D  equals  the  hori- 
zontal distance.  Before  constructing  the  thread  lobe,  the  number  of 
hundredths  of  cam  surface,  the  rise  on  the  cam  for  threading,  and 
the  amount  that  the  thread  lobe  is  cut  below  the  outer  circle  of  the 
cam  have  to  be  determined.  Then,  after  having  drawn  the  various 
circles  and  lines  necessary  for  the  construction,  we  can  proceed  as 
follows:  First,  with  the  starting  point  a,  the  highest  point  h  and  the 
finishing  point  c  of  the  cam  lobe  as  centers,  and  with  a  radius  equal 
to   B,    describe   arcs    intersecting  the   outer   circle   A    at   the   points 
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d,  e,  and  /.  Then  divide  the  spaces  between  the  points  d,  e,  and  / 
into  the  same  number  of  equal  spaces  as  the  number  of  revolutions 
required  for  threading.  With  a  radius  equal  to  B  and  with  centers 
at  the  division  points  on  circle  A,  describe  arcs  intersecting  the 
thread  lobe  *as  shown.  On  the  arc  passing;  through  iwint  a  locate 
center  g  of  the  roll  circle  so  that  this  circle  will  pass  through  point 
a,  and  draw  the  roll  circle.  In  a  similar  manner,  draw  the  roll  circle 
passing  through  point  h,  the  highest  point  of  the  cam  lobe.  With  the 
center  of  the  cam  as  a  center,  draw  a  circle  through  point  g  and 
also  a  circle  through  the  center  of  the  roll  circle  which  passes  through 
point  h.  Divide  the  space  between  the  two  circles  just  drawn  in  the 
same  number  of  equal  spaces  as  the  distances  between  d  and  e  and 
€  and  /  were  divided.  Then,  with  the  center  of  the  cam  as  a  center, 
draw  circles  through  these  division  points.  The  intersection  between 
these  circular  arcs  and  the  arcs  drawn  with  the  points  on  circle  A 
as  centers  determine  the  center  of  the  cam  roll  at  the  various  steps 
of  its  progress,  and  cam  roll  circles  drawn  with  these  intersecting 
points  as  centers  will  determine  the  shape  of  the  thread  labe.  The 
form  thus  produced  would,  however,  not  give  satisfactory  results  as 
crowding  of  the  tap  or  die  would  occur,  owing  to  the  spindle  speed 
and  the  speed  of  the  driving  shaft  not  being  constantly  in  the  same 
ratio.  It  Is,  therefore,  avisable  to  cut  down  the  cam  lobe  after  the 
first  couple  of  threads.  This  is  shown  in  Fig.  7  where  the  actual  and 
theoretical  rise  required  for  threading  is  shown. 

Improved  Method  of  Constructing  Thread  Lobe 

In  the  method  just  described  the  rise  on  the  thread  lobe  was  deter- 
mined graphically,  this  being  a  very  complicated  and  tedious  method. 
The  advantage  of  the  following  method  lies  in  its  simplicity,  as  tho 
lobe  is  determined  mathematically.  Before  the  thread  lobe  can  be 
constructed,  the  length  of  the  threaded  portion,  the  number  of  threads 
per  inch  and  the  total  number  of  revolutions  of  the  spindle  to  com- 
plete one  piece  are  required  to  be  known.  When  the  number  of 
revolutions  for  threading  and  the  number  of  threads  per  inch  are 
known,  the  rise  on  the  cam  can  be  found  by  the  following  formulas: 
From  14  to  24  threads  per  inch,  r=  (R-^p)  X  0.85 
From  28  to  48  threads  per  inch,  r=  (/e  -f-p)  X  0.88  (2) 

From  56  to  80  threads  per  inch,  r=  (R-^p)  X  0.90 
in  which 

/e  =z=  revolutions   required   for  threading, 
p  =  number  of  threads  per  inch, 
r^rise  on  cam. 

In  Tables  II  and  III  the  results  as  obtained  by  formulas  (1)  and  (2) 
for  various  numibers  of  threads  per  inch  are  tabulated.  To  show 
the  advantages  of  these  tables,  take  a  practical  example.  Assume 
that  a  set  of  cams  is  required  for  the  No.  00  Brown  &  Sharpe  automatic 
screw  machine.  To  make  the  piece  as  shown  at  A,  Fig.  8,  let  the 
spindle  speed  equal  2400  revolutions  per  minute;  the  number  of  revo- 
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tASua  XL  mfoiaia  rbvolotionb  and  gav  bisb  for  tbbbaoino 


III 


A 
A 

i 

A 
A 
i 
A 
A 
U 
t 

A 
H 
i 

A 
it 
f 

H 

« 


Number  of  Threads  per  Inch 


80 


78 


64 


66 


48    I    40         86    I 


8S 


80 


90 


18 


24 


First  Line :  Revolutions  of  Spindle  for  Threading 
Second  Line :  Rise  on  Cam  for  Threading 


7.00   7.00   6.50 
0.0790.088  0.091 

9.50  9.00  8.50 
0.1070.1180.120 
12.00  11.50  10.50 
0.185'0. 144  0.148 
14.5013.5012.50 
0.168'0.169|0. 176  0.185 
I7.0016.00;i4.50'l8.50 


6.50  4.50  4.50 
0.1040.0820.099 

8.00|  6.00  5.50 
0.129  0.110  0.121 


10.00 
0.161 
11.50 


7.50   7.00 

0.1870.154 

9.00  8.00 

0.165  0.176 

10.50  9.50 

0.200JO. 20410. 21710.192  0.209 

18.00  16.5015.0012.0010.50 

0.225,0.282  0.2410.2200.281 


0.191 
19.50 
0.219 
22.00 
0.248 
24.50 
0.276 
27.00 
0.804 
29.50 
0 

82.00 

0 

84.50 

0.888 

87.00 

0.416 

89.50 

0.4440.450 

42.00l88.50 

0.473,0.481 

44.5040.50 


20.50 

0.256 

23.50 

0.294 

25.00 

0.318 

27.00 

0 

29.50 

0 

31.50 

0.894 

34.00 

0.425 

36.00 


0.2600.278 


0.501 
47.00 
0.529 


0.506 
43.00 
0.538 


49.50'45.00 
0.559.0.563 
52.00*47.50 
0.585  0.594 
54.5049.50 
0.613,0.619 
57.00  52.00 


0.641 
59.50 
0.679 
63.00 
0.698 
64.50 
0.726 


0.650 
54.00 


18.5017.00 18.60 12.00 


0.2470.264 


4.00 
0.098 

5.50 
0.184 

6.50 
0.159 

7.00 
0.171 

8.50 
0.208 
10.00 
0.244 
11.00 
0 


20.50118.50  15.00 18.00 12.00 
0.288,0.297  0.275  0.286,0.298 
22.50  20.50 16.50 14.60 18.00 
0.816  0.829  0.802:0.819  0.818 
24.50'22.00|l8.00  15.50 14.50 
0.845|0.854i0.840  0.841  0.854 
26.50  24.0019.5017.0015.50 
0.373  0.886  0.357  0.874  0.879 
28.50  25.50  21.0018.0016.50 
0.4010.410  0.385,0.896:0.403 
30.50'27.5022.50  19.50  17.50 
0.42910.442  0.412  0.42910.428 
32.50  29.00  24.00'20.50 19.00 
0.457  0.466  0.440i0.451 0.464 
34.50  31.00  25. 50'22.00'20.0018.00 
0.484  0.498  0.47710.4840.4890.495 
36.50'32.50  27.00  23.0021.00  19.00 
0.51310.522  0.495  0.506  0.5130.523 
88.50  34. 50'28.50'24.50'22.00  20.00 
0.5410.654  0.522,0.539,0.538  0.550 
40 .  50'36 .  00'30 .  00  25 .  50'23 .  50  21 .  00 


4.00 
0.110 

5.00 
0.138 

6.00 
0.165 

7.00 
0.193 

8.00 
0 

9.00 
0.248 
10.00 
0.275 
11.00 
0 

12.00 
0 

13.00 
0.858 
14.00 
0.885 
15.00 
0.413 
16.00 
0.440 
17.00 
0.468 


0. 570,0. 579,0.550l0.56l|0. 574 
42.50  38.00  31.50  27. 00i24.50 
0.598  0.61l|0. 577  0.594,0.599 
44.50'39.50i33.00'28.00'25.50 
0.62610.635,0.605  0.616j0.628 
46 .  50'41 .  50  34 .  50  29 .  50,26 .  50 
0.654,0. 667;0.622l0.649|0.648 


48.5043.00  36.00  30.50,28.00 
0.67510.682,0.691,0. 66010.671 0.684 
58. 50  50. 50  45. 00  37. 50  32. 00'29. 00 
0.706  0.710J0.723  0.677  0.704,0.709 
58.50  52.50  46.50  89.00'83. 00  80.00 
0.781 0.788  0.747  0.71510.726  0.783 


0.578 
22.00 
0.605 
23.00 
0.633 
24.00 
0.660 
25.00 
0 

26.00 
0.715 
27.00 
0.743 


4.00 
0.117 

5.00 
0.147 

6.00 
0.176 

7.00 
0.205 

7.50 
0.220 

8.50 
0.249 

9.50 
0.279 
10.50 
0.808 
11.50 
0.887 
12.50 
0.367 
18.50 
0.896 
14.50 
0.425 
15.00 
0.440 
16.00 
0.469 
17.00 
0.499 
18.00 
0.528 
19.00 
0.557 
20.00 
0.587 
21.00 
0.616 
22.00 
0.645 
28.00 
0.675 
23. 50' 
0.6891 
24.50 
,0.719 
25.50! 


4.00 

0.126 

5.00 


8.00 


0.1570.106 

5.601  4.00 
0.1780.142 

6.50|  4.50 
0.2040.159 

7.501  5.50 
0.286:0.195 

8.50  6.00 
0.267,0.218 

9.00  7.00 
0.2830.248 
10.00  7.50 
0.314,0.266 
11.00  8.50 
0.8460.801 
12.00  9.00 
0.8770.319 
12.5010.00 
0.3980.854 
13.50|l0.50 
0.424,0.372 
14.5011.50 
0.456  0.407 


0.748 


16.50 
0.487 
16.00 
0.508 
17.00 
0.534 
18.00 
0.566 
19.00 
0.597 
19.60 
0.618 
20.50 
0.644 
21.50 
0.676 
22.50 
0.707 
23.00 
0.723 
24.00 
0.754 


12.00 
0.425 
18.00 
0.460 
13.50 
0.478 
14.50 
0.514 
15.00 
0.531 
16.00 
0.567 
16.50 
0.584 
17.50 


8.60 
0.149 

4.00 
0.170 

4.50 
0.191 

5.50 
0.284 

6.00 
0.255 

6.50 
0.276 

7.00 
0.298 

8.00 
0.840 

8.50 
0.861 

9.00 
0.888 

9.50 
0.404 
10.50 
0.446 
11.00 
0.468 
11.50 
0.489 
12.00 
0.510 
18.00 
0.558 
18.50 
0.574 
14.00 
0.595 
14.50 


8.50  8.50 
0.165  0.186 

4.00  4.00 
0.1890.212 

5.00  4.50 
0.2360.289 

5.50  5.00 
0.2600.266 


0.620|0.616 
18.00115.50 
0.6380.659 


19.00 
0.673 
19.50 
0.691 


16.00' 
0.680 
16.50 
0.701 


6.00 
0.283 

6.50 
0.807 

7.00 
0.880 

7.50 
0.854 

8.50 
0.401 

9.00 
0.425 

9.50 
0.448 
10.50 
0.496 
10.50 
0.496 
11.00 
0.519 
11.50 
0.543 
12.00 
0.566 
18.00 
0.614 
18.50 
0.687 
14.00 
10.661 
14.60 
0.684 
15.00 
0.708 


6.50 
0.292 

6.00 
0.819 

6.50 
0.845 

7.00 
0.872 

7.60 
0.898 

8.00 
0.425 

8.50 
0.451 

9.00 
0.478 

9.50 
0.504 
10.00 
0.581 
10.50 
0.558 
11.00 


8. 
0.21^ 

4. 
0.! 

4. 
0.278 

5.00 
0.801 

5.50 
0.884 

6.00 
0.864 

6.50 
0.895 

7.00 
0.425 

7.00 
0.425 

7.60 
0.455 

8.0C 
0.486 

8.5C 
0.516 

9.00 
0.546 

9.60 
0.577 
10.00 


0.584!o.607 
11.5010.50 
0.6110.687 
12.00l0.6fl 
0.6870.687 
12.5011.00 


0.664 
18.00 
0.690 
18.50 
0.717 


0. 

11. C 
0. 

12.C 
0. 
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TABUi  UL    BPamXM  BH^OLUnONB  AMD  CAM  BIBB  VOB  THBBADINO 


Number  of  Threads  per  Inch 


80 


|n|64|M|48|40|86|89 


80 


88 


84     I    80 


18 


18 


14 


First  Line :  Revolutions  of  Spindle  for  Threading 
Second  Line :  Rise  on  Cam  for  Threading 


u 


» 

1 

H 

H 
lA 
i| 
lA 
H 
lA 
U 
Hi 
H 

ni 

2 


67.00 

0. 

60.50 

0.782 

'72.00 

0.810 

,74.50 

0.838 

177.00 

,0.866 

79,90 

0.894 

'82.00 

|0.0280 

84.50 

0.951 

89.50 

1.007 

94.50 

jl.063 

,99.50 

ll.llO 

104.5 

1.176 


61.00 
768 
68.00 
0.788 
65.50 
0.819 
67.50 
0.844 
70.00 
0.875 
72.00 
0.900 
74.50 
.981 
76.50 


0.956i0.968 
81.00  72.50 


54. 50*48. 50*40. 50 
0.767:0.779.0.742 


56.50*50. 0042.00 

0.795|0.804,0.770 

58.50  52.0048.50 

0.828,0.8860.797 

60.50  58.5045.00 

0.8510.860  0.825 

62.60  55.50  46.50 

0.879  0.892|0.842 

64.50 

0.907 

66.50 

0.985 

68.50 


57.0048.00 
0.916  0.880 
59.00  49.50 
0.9480.907 
60.50151.00 
0.972,0.918 
64.00154.00 


84.50  81.00  28.00 
0.759  0.7580.770 


85.50 

0.781 

87.00 

0.814 

88.00 

0 

39.50 

0.869 

40.60 


82.6029.00 
0.794J0.798 
33.50'30.00 
0.819{0.825 
34.50'31.00 


0.8430.853 

85.5032.00 

0.868  0.880 

37.0033.00 
0.891|0. 904,0.908 
42.0038.0034.00 
0.9240.929  0.935  0.939 
48.00  39.00  85.00  33.00 
0.946|0. 953  0.963  0.968 
45.604l.6a87.00'35.00 


26.50 
0.777 
27.50 
0.807 
28.50 
0.886 
29.50 
0.865 
80.00 
0.880 
81.00 
0.909 
32.00 


1.013  1.019,1. 028,0.990ll.00l|l. 013 1.01811.026 
85. 5076. 50167. 50  57.00'48. 00  48. 50  39. 00  37. 00 
1.069,1.076,1.0841.0451.0561.0611.0731.064 
90.00  80.5071.00  60.00,50.50'46.00  41.00  38.50 


1.125|1.126|1. 14111. 100,1. Ill 


43.0040.50f38.00 


94.50  84.50174. 60!68.00;53. 00 

I.I8I1I. 188,1. 19711. 155  1.166 

99.0088.50|78.00'66.00'55.50 

1.2881.2441.253,1.210,1.221 

103.5  92.50  81. 50'69. 00  58.00 

1. 294 1. 801 1.810|l. 265 1.276 1.28111.293 
96.50  85.00'72.00!60. 50  55.00  49.00 
1.3571.366:1.3201.3311.3421.8481. 
100.588.50  75.00!63.00'57.00  51.00  48.00 


1.122 
48.00 
1.171 
50.50 
1.232 
52.50 


1.1281.128 


1.188 
45.00 
1.238 
47.00 


1.187 
42.50 
1.246 
44.60 
1.804 
46.00 


26.00 
0.786 
26.00 
0.817 
26.50 
0.883 
27.50 
0.864 
28.50 
0.895 
29.50 
0.927 
30.00 
0.943 
31.00 
0.974 
32.00 
1.005 
34.50 
1.083 
36.50 
1.146 


1.418 
104.5 
1.469 


1.422 
92.00 
1.478 
95.50 
1.536 
99.00 
1.691 
102.6 
1.647 
106.0 
1.703 


1.375,1.886 
78.00'65.50 
1.480,1.441 
81.00  68.00 
1.485,1.496 
84.00  70.50 
1.540,1.561 
87.00173.00 
1.695,1.606 
90.0075.60 
1.6601.661 
93.00  78.00 
1.7061.716 
96.00  80.50 
1.7601.771 
99.00  83.00 
1.8151.826 


1.391 
59.60 
1.462 
61.50 
1.501 
64.00 
1.662 
66.00 
1.610 
68.50 
1.671 
70.60 
1.720 
78.00 
1.781 
76.00 
1.880 


1.4031.406 
53.00'50.00 


1.193 

40.00 

1.256 

41.50 

1.803 

43.50 

1. 

45.00 

1.413 

47.00 


20.50 

0.726 

21.00 

0.744 

22.00 

0.779 

22.60 

0.797 

23.60 

0.882 

24.00 

0.860 

25.00 

0.885 

25.60 

0.908 

27.00 

0.966 

28.50 

1.009 

30.00 

1.062 

31.50 

1.116 

33.00 

1.168 

84.50 

1.211 

36.00 

1.274 

37.50 

1. 

89.00 


17.00 

0.723 

18.00 

0.766 

18.50 

0.786 

19.00 

0 

19.50 

0.829 

20.50 

0.871 

21.00 

0.898 

21.50 

0.914 

28.00 

0.978 

24.00 

1.020 

25.60 

1.084 

26.50 

1.126 

28.00 

1.190 

29.00 

1 

30.60 

1.296 

31.60 

1 

33.00 


16.60 

0.782 

16.00 

0.755 

16.50 

0.779 

17.50 

0 

18.00 

0.850 

18.50 

0.873 

19.00 

0.897 

19.50 

0.920 

20.50 

0.968 

22.00 

1 

28.00 

1.086 

24.00 

1.138 

25.00 

1.180 

26.60 

1.251 

27.50 

1.298 

28.50 

1.346 

29.60 


1.468,1.466,1.476,1.8811.40811.8 
56.00  52.00  48.50  40.50  34.00'31. 00 


1.618jl.524 1.528 1.434 
57.00  53.60  50. 50'42. 00 
1.5681.568  1.686  1.487 
59.00  65.60  52. 00'43. 60 
1.6231.6261.6331.540 
61.00  57.50'54.00  46.00 
1.678  1.6861. 6961.698 
63.00  69.60  65. 60'46. 50 
1.738:1.7461.7481.646 
65.00161. 00'57.60  48.00 
1.788,1.7871.8061.700 
67.00  63.00  69. 00'49. 50 
1.8401.8461.8581.762 


1.4461.468 
35.60'32.00 
1.5091.610 
86.60'38.00 
1.6611.668 
38.00  84.00 
1.6161.606 
39.00  36.60 
1.668,1.676 
40.60  86.60 
1.721  1.728 
41.50  37.60 
1.7641.770 


14.00 
0.748 
14.50 
0.770 
15.00 
0.797 
15.50 
0 

16.00 
0.850 
16.50 
0.876 
17.00 
0.908 
17.50 
0.929 
18.60 
0 

19.50 
1.086 
20.50 
1. 

21.60 
1.142 
22.60 
1.196 
23.50 
1.248 
24.50 
1.301 
26.60 
1.354 
26.50 
1.407 
27.60 
1.460 
28.50 
1.518 
29.60 
1.566 
30.60 
1.620 
31.60 
1.678 
82.60 
1.726 
83.60 
779 


12.50 
0.759 
13.00 
0.789 
18.50 
0.819 
14.00 
0.850 
14.00 
O.S50 
14.50 
0.880 
15.00 
0.911 
15.50 
0.941 
16.50 
1.002 
17.50 
1.062 
18.00 
1.093 
19.00 
1.158 
20.00 
1.214 
21.00 
1.275 
21.60 
1.306 
22.60 
1.866 
23.50 
1.426 
24.50 
1.487 
26.00 
1.618 
26.00 
1.678 
27.00 
1.6€9 
28.00 
1.700 
28.60 
1.730 
29.50 
1.791 
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TABZJB  IV.    HnMDBBDTHB  OF  OlKOUMFJBBBNOa  BXPaBBSBD  IN  lONUTBS 


«  5 

I 

a 

3 

216 

Hundredths 

of 

Circumference 

1 

^  1 

1 

Hundredths 

of 

Circumference 

1 

11 

w  5 

^ 

Hundredths 

of 

Circumference 

1 

1.00 

9.25 

1998  1 

17.50 

8780 

25.75 

5562 

34.00 

7344 

42.25 

9126 

1.25 

270 

9.50 

2052 

17.75 

8834 

26.00 

5616 

84.25 

7398 

1  42.50 

9180 

1.50 

824 

9.75 

2106 

18.00 

8888 

26.25 

5670 

84.50 

7452 

42.75 

9284 

1.75 

878 

10.00 

2160 

18.25 

8942 

26.50 

5724 

84.75 

7506 

48.00 

9288 

2.00 

432 

10.25 

2214 

18.50 

8996 

26.75 

6778 

85.00 

7560 

48.25 

9842 

2.25 

486 

10.50 

2268 

18.75 

4050 

27.00 

5832 

85.25 

7614 

1  48.50 

9896 

2.50 

540 

10.75 

2822 

19.00 

4104 

27.25 

5886 

85.50 

7668 

'48.75 

9460 

2.75 

594 

11.00 

2876 

19.25 

4158 

27.50 

5940 

85.75 

7722 

44.00 

9604 

8.00 

648 

11.25 

2480 

19.50 

4212 

27.75 

5994 

86.00 

7776 

44.25 

9668 

8.25 

702 

11.50 

2484 

19.75 

4266 

28.00 

6048 

86.25 

7880 

44.50 

9612 

8.50 

756 

11.75 

2588 

20.00 

4820 

28.25 

6102 

86.50 

7884 

44.75 

9666 

8.75 

810 

12.00 

2592 

20.25 

4874 

28.50 

6156 

86.75 

7088 

45.00 

9720 

4.00 

864 

12.25 

2646 

20.50 

4428 

28.75 

6210 

87.00 

7992 

45.25 

9774 

4.25 

918 

12.50 

2700 

20.75 

4482 

29.00 

6364 

87.25 

8046 

45.50 

9828 

4.50 

972 

12.75 

2754 

21.00 

4586 

29.25 

6818 

87.50 

8100 

45.75 

9882 

4.75 

1026 

18.00 

2808 

21.25 

4590 

29.50 

6872 

87.75 

8154 

46.00 

9986 

5.00 

1080 

18.25 

2862 

21.50 

4614 

29.75 

6426 

88.00 

8208 

46.25 

9990 

5.25 

1184 

18.50 

2916 

21.75 

4698 

80.00 

6480 

88.25 

8262 

46.50 

10044 

5.50 

1188 

13.75 

2970 

22.00 

4752 

80.25 

6534 

88.50 

8316 

46.75 

10098 

5.75 

1242 

14.00 

8024 

22.25 

4806 

80.50 

6388 

88.75 

8870 

47.00 

10162 

6.00 

1296 

14.25 

8078 

22.50 

4860 

30,76 

6642 

89.00 

8424 

47.25 

10206 

6.25 

1850 

14.50 

8182 

22.75 

4914  ; 

81.00 

6696 

39.25 

8478 

47.50 

10260 

6.50 

1404 

14.75 

8186 

28.00 

4968 

81.25 

6750 

89.50 

8532 

47.75 

10814 

6.75 

1458 

15.00 

8240 

23.25 

5022 

81.50 

6804 

39.75 

8586 

48.00 

10868 

7.00 

1512 

15.25 

8294 

28.50 

5076 

81.75 

6858 

40.00 

8640 

48.25 

10422 

7.25 

1566 

15.50 

8848 

28.75 

5180 

82.00 

6912 

40.25 

8694 

48.50 

10476 

7.50 

1620 

15.75 

8402 

24.00 

5184 

82.25 

6966 

40.50 

8748 

48.75 

10680 

7.75 

1674 

16.00 

8456 

24.25 

5288 

82.50 

7020 

40.75 

8802 

49.00 

10584 

8.00 

1728 

16.25 

8510 

24.50 

5292 

32.75 

7074 

41.00 

8856 

1  49.25 

10688 

8.25 

1782 

16.50 

8564 

24.75 

5346 

88.00 

7128 

41.25 

8910 

49.50 

10692 

8.50 

1886 

16.75 

8618 

25.00 

5400 

33.25 

7182 

41.50 

8964 

49.75 

10746 

8.75 

1890 

17.00 

8672 

25.25 

5454 

88.50 

7236 

41.75 

9018 

50.00 

10800 

9.00 

1944 

17.25 

8726 

25.50 

5508 

88.75 

7290 

42.00 

9072 

50.25 

10854 
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OF  OIBOUMFBRBNOB  BXPBBBSBD.m  lilKXTTBS 


u 


50.60 
50.75 
51.00 
51.25 
51.50 
51.75 
52.00 
52.25 
52.50 
52.75 
58.00 
53.25 
53.60 
58.75 
51.00 
54.25 
54.50 
54.75 
55.00 
55.25 
55.50 
55.75 
56.00 
56.25 
56.50 
56.75 
57.00 
57.25 
57.50 
57.75 
58'.00 
68.25 
58.50 
58.75 


5 


10906 
10062 
11016 
11070 
11124 
11178 
11282 
11286 
11840 
11894 
11448 
11502 
11556 
11610 
11664 
11718 
11772 
11826 
11880 
11984 
11988 
12042 
12096 
12160 
12204 
12268 
12812 
12866 
12420 
12474 
12528 
12582 
12686 
12690 


1  i 

n 

«  0 

1 

69.00 

12744 

69.26 

12798 

59.60 

12852 

59.75 

12906 

60.00 

12960 

60.25 

18014 

60.60 

18068 

60.76 

18122 

61.00 

18176 

61.25 

18280 

61.60 

18284 

61.76 

18888 

62.00 

18892 

62.26 

18446 

62.60 

18500 

62.75 

18664 

68.00 

18608 

68.26 

18662 

68.60 

18716 

68.76 

18770 

64.00 

18824 

64.26 

18878 

64.50 

18982 

64.76 

13986 

66.00 

14040 

66.25 

14094 

65.50 

14148 

66.75 

14202 

66.00 

14266 

66.26 

14810 

66.60 

14864 

66.75 

14418 

67.00 

14472 

67.26 

14626 

3    I 


67.60 
67.76 
68.00 
68.26 
68.60 
68.76 
69.00 
69.26 
69.60 
69.76 
70.00 
70.26 
70.60 
70.76 
71.00 
71.26 
71.60 
71.76 
72.00 
72.26 
72.60 
72.76 
78.00 
78.25 
78.60 
78.76 
74.00 
74.26 
74.60 
74.76 
75.00 
76.26 
76.60 
76.76 


14680 
14684 
14688 
14742 
14796 
14860 
14904 
14968 
16012 
15066 
16120 
15174 


15282 
16886 
16890 
16444 
16498 
16662 
16606 
15660 
15714 
16768 
16822 
16876 
15080 
16984 
16088 
16092 
16146 
16200 
16264 
16808 
16862 


§    I 

«  5 


76.00 
76.26 
76.60 
76.76 
77.00 
77.26 
77.60 
77.76 
78.00 
78.26 
78.60 
78.76 
79.00 
79.26 
79.60 
79.76 
80.00 
80.25 
80.60 
80.75 
81.00 
81.25 
81.60 
81.75 
82.00 
82.26 
82.60 
82.76 
88.00 
88.26 
88.60 
88.76 
84.00 
84.25 


I 


§  i 


16416 
16470 
16624 
16678 
16682 
16686 
16740 
16794 
16848 
16902 
16966 
17010 
17064 
17118 
17172 
17226 
17280 
17884 
17888 
17442 
17496 
17650 
17604 
17668 
17712 
17766 
17820 
17874 
17928 
17982 
18086 
18090 
18144 
18198 


84.60 
84.76 
86.00 
86.25 
86.60 
86.76 
86.00 
86.26 
86.60 
86.76 
87.00 
87.26 
87.60 
87.75 
88.00 
88.25 
88.60 
88.76 
89.00 
89.26 
89.60 
89.76 
90.00 
90.25 
90.60 
90.75 
91.00 
91.26 
91.60 
91.76 
92.00 
92.26 
92.60 
92.75 


18806 
18860 
18414 
18468 
18522 
18676 
18680 
18684 
18788 
18792 
18846 
18900 
18964 
19008 
19062 
19116 
19170 
19224 
19278 
19882 
19386 
19440 
19494 
19648 
19602 
19666 
19710 
19764 
19818 
19872 
19926 
19980 
20084 


a     9 


98.00 
98.26 
93.60 
93.76 
94.00 
94.26 
94.60 
94.76 
96.00 
96.26 
96.60 
96.76 
96.00 
96.26 
90.60 
96.76 
97.00 
97.26 
97.60 
97.76 
98.00 
98.26 
98.60 
98.75 
99.00 
99.25 
99.60 
99.76 
100.00 


20088 
20142 
20196 
20260 
20804 
20868 
20412 
20466 
20620 
20674 
20628 
20682 
20786 
20790 
20844 
20898 
20962 
21006 
21060 
21114 
21168 
21222 
21276 
21380 
21884 
21488 
21492 
21646 
21600 
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lutions  to  complete  one  piece,  400;  time  to  make  one  piece,  10  seconds. 
Referring  to  A,  Fig.  8,  the  length  of  the  threaded  portion  is  %  inch 
and  the  pitch  of  the  thread  1/32  inch,  or  thirty-two  threads  per  inch. 
Referring  to  Table  II,  we  find  that  the  number  of  revolutions  required 
is  15  and  the  rise  on  the  cam  0.413.     To  construct  the  lobe,  convert 

15 

the    revolutions   into   hundredths  of   cam   surface,    or   :=  0.0375, 

400 
or  3%  hundredths.    Then  draw  the  cam  circle  B,  as  shown  in  Pig.  8, 
and  lay  ofP  on  this  circle  3%  hundredths  to  advance  on  the  screw  and 
,  3%  hundredths  to  withdraw. 

Cut  down  the  !imount  C  be- 
low the  outer  cam  circle  B 
as  required.  Bisect  the  rise 
at  E,  and  with  OE  as  a 
radius .  and  a,  }>,  and  c  as 
centers  draw  arcs  intersect- 
ing each  other  at  d  and  e. 
With  d  as  a  center  and  ra- 
dius OE  join  points  &  and  a; 
with  e  as  a  center  and  ra- 
dius OE  join  points  c  and  a. 
This  gives  the  shape  of  the 
thread  lobe.  For  convenience 
in  cutting,  when  a  Brown  & 
Sharpe  circular  milling  at- 
tachment is  available,  the 
cam  surface  used  for  thread- 
ing is  divided  into  minutes. 
Then  to  obtain  the  lead  (or 
the  number  of  minutes  tra- 
versed for  each  1/1000  inch  rise)  divide  the  number  of  minutes  contained 

0.810 

in  the  portion  of  the  lobe  used,  by  the  rise.    For  example, =  1.96, 

0.413 

or  approximately  2  minutes.  The  equivalents  of  hundredths  and 
minutes  are  tabulated  in  Tables  IV  and  V.  The  information  as 
derived  by  the  various  formulas  is  recorded  on  the  drawing 
as  shown  in  Fig.  8,  being  used  by  the  toolmaker  when  cutting 
the   cam. 

Speed- changrinfiT  Device 
When  threading  brass,  the  spindle  speed  used  for  the  other  tools 
is  generally  also  suitable  for  taps  and  dies,  but  when  threading  gun- 
scr.w  iron,  Norway  iron,  machine  steel,  tool  steel,  etc.,  the  speed 
used  is  too  high.  As  has  been  previously  explained  under  the  heading 
"Revorsing  the  Spindle,"  time  would  be  lost  in  threading  if  the  ma- 
chine were  reversed  from  forward  to  backward  and  then  forward 
.igain  on  the  No.  00  Brown  &  Sharpe  automatic  screw  machine.  There 
are    various    methods    of    overcoming    this    difllculty.      One    method 


FifT*  8.    Improved  Method  of  Oonatmctlncr 
Thread  Lobe 
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is  to  run  the  spindle  backward  with  the  large  pulley  and  forward 
with  the  small  pulley  on  the  countershaft.  There  is  an  objection 
to  this,  however,  viz.,  as  there  are  generally  other  tools  in  the 
turret  besides  the  die  or  tap  holder.  They  would  either  have 
to  be  made  to  cut  left-hand  or  else  run  at  the  same  speed  as  the 
tap  or  die.  It  can  easily  be  seen  that  in  the  majority  of  cases,  the 
toolB  used  in  the  turret  would  not  be  working  at  their  maximum 
capacity  if  made  to  cut  right-hand. 

Batlo  Threading  Attachment 

The  attachment  A,  shown  in  position  in  the  turret  in  Fig.  9,  serves 
to  revolve  the  die  or  tap  in  the  same  direction  as  that  in  which  the 
spindle  is  rotating,  but  at  one-half  the  spindle  speed.  As  before  men- 
tioned, it  is  used  where  no  other  slow  movements  are  required  except 


Fltf.  O.    Ratio  Threading  Attaohment 

for .  threading,  enabling  the  spindle  to  run  at  its  maximum  speed  for 
all  the  other  operations.  The  attachment  is  driven  by  a  %-inch 
round  belt  from  the  overhead  works,  the  shaft  passing  through  th'3 
turret  head  connecting  pulley  C  with  bevel  gears  D,  thus  driving 
the  attachment  A,  Spring  E  acts  in  the  same  manner  as  the  spring 
in  the  ordinary  draw-out  die  or  tap  holder.  The  method  of  determin- 
ing the  shape  of  the  cam  lobe  when  using  this  attachment  is  as  fol- 
lows: Let  the  spindle  speed  for  the  forming  and  cut-off  operations 
equal  2400  revolutions  per  minute;  then  the  forward  speed  of  the 
spindle  for  threading  Is  1200,  and  the  speed  of  this  attachment  600 
revolutions  per  minute.  Assume  the  length  of  the  threaded  portion 
to  be  3/16  inch  and  that  40  threads  per  inch  are  to  be  cut  Referring 
to  Table  II,  we  find  that  the  thread  cutting  will  require  10.5  revolu- 
tions. But  considering  that  the  speed  of  this  attachment  is  one-half 
the  spindle  speed,  we  would  require  10.5  X  2  =  21  revolutions  of  the 
spindle  for  cutting  the  thread.  Again,  as  this  attachment  rotates 
in  the  same  direction  as  the  spindle,  the  speed  of  the  attachment  when 
backing  off  the  work  would  be  2400  +  600  or  3000  revolutions  per  min- 
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ute.    Then  the  number  of  revolutions  of  the  spindle  required  for  backing 

2400 
off  the  work  would  be X  10.5,  or  8.5  revolutions,  approximately. 

3000 
The  same  rise,  0.231,  as  given  in  Table  II,  is  used  for  each  side  of 
the  thread  lobe,  but  the  distance  along  the  cam  circumference  in  each 
part  of  the  lobe  is  different,  as  it  requires  21  revolutions  to  advance 
and  only  8.5  revolutions  to  retreat. 

Belt  Shlftinflr  Atteu^hznent 

The  ratio  threading  attachment  as  shown  in  Fig.  9  is  only  suitable 
for  cutting  brass  and  fine  threads  on  Norway  iron,  machine  steel,  etc. 


?        lift'    5V 


CAM  0UTUNC8 


MAKE  CAMB 
WITH  RISES  k  FALLS  AS  SPECIRED  ON  DRAWINa 


MADE  FROM  NORWAY 
IRON  ROD 

A     Machinery.N,  7, 


Fig.  lO.    Bzample  of  D««1bii  of  Thread  I^obd  wnen  uslnff 
Belt  Shimng  AtUkOhment 

This  attachment  would  not  be  entirely  satisfactory  for  the  Xo.  0  or 
No.  2  Brown  &  Sharpe  automatic  screw  machine,  as  a  more  positive 
drive  is  generally  required  for  these  machines.  In  Fig.  2  is  shown  the 
No.  0  Brown  &  Sharpe  automatic  screw  machine  equipped  with  a 
epeed-changing  attachment.  The  countershaft  is  supplied  with  a 
large  and  a  small  pulley  which  will  give  the  desired  spindle  speeds. 
This  attachment  is  operated  by  the  same  dog  and  lever  that  reverse 
the  spindle.  When  the  dog  on  the  cam  shaft  trips  the  lever,  the 
clutches  C  and  0,  engage,  thus  driving  gears  D  and  E.    Gear  E,  being: 
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attached  to  shaft  F,  revolves  disk  O  on  which  the  eccentric  connecting- 
rod  H  is  attached.  When  the  rod  H  is  drawn  up  or  down  it  shifts 
the  belt  from  the  large  to  the  small  pulley  or  vice  versa.  The  system 
of  gearing  provided  shifts  the  belt  twice  for  every  revolution  of  the 
driving  shaft.  The  number  of  revolutions  of  the  spindle  required  to 
shift  the  belt  with  the  spindle  running  at  1800  R.  P.  M.  forward  speed 
equals  7%  revolutions. 

To  explain  the  method  of  designing  the  thread  lobe»  we  will  take 
a  practical  example.  Assume  that  it  is  required  to  make  the  piece 
as  shown  at  A,  Fig.  10,  on  the  No.  0  machine,  the  spindle  speeds 
being  1800  and  900  revolutions  per  minute,  respectively,  using  the 
900  revolutions  per  minute  for  tapping.  The  cams  for  making  this 
piece  are  shown  in  Fig.  10.  The  time  required  to  make  one  piece  is 
17  seconds,  or  510  revolutions.  The  number  of  revolutions  for  thread- 
ing found  in  Table  II  is  16.5;  but  as  the  tap  will  run  at  900  revolutions 
per  minute  instead  of  1800,  we  will  require  a  time  equivalent  to 
16.5   X  2  or  33  revolutions  at  the  1800  R.  P.  M.  speed  for  threading. 

33 

Then  the  hundredths  required  equals  =  0.0647,  or  approximately 

510 
6^4  hundredths.  The  rise  on  the  cam  is  given  in  Table  II  as  0.403. 
Referring  to  Table  II,  Machiseby's  Reference  Book  No.  100,  we  find 
that  it  will  require  4/100  to  feed  the  stock,  or  5/100  to  revolve  the 
turret;  this  equals  25.5  revolutions  to  revolve  the  turret.  Then  the 
actual  number  of  hundredths  of  cam  circumference  between  the  last 
operation  and  the  starting  of  the  thread  lobe,  to  revolve  the  turret  and 
reverse  the  spindle  is  25.5  -f  7.5  =  33  resolutions.  Converting  this 
into  hundredths,  we  get  6.47  or  approximately  6*4  hundredths.  It  is 
always  good  practice  to  allow  plenty  of  clearance  for  threading  as 
the  die  or  tap  holder  intended  for  the  job  may  have  to  be  replaced 
by  one  which  would  require  more  clearance. 
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TAPS  AND  DIBS  FOR  SCREW  MAOHINB  WORK 


In  Fig.  11  is  shown  the  common  form  of  spring  screw  threading  die 
with  its  adjustable  ring.  Dies  of  this  type  are  use'd  to  a  large  extent 
on  the  Brown  &  Sharpe  automatics,  but  the  results  obtained  are 
not  always  entirely  satisfactory.  There  are  a  number  of  objections 
to  this  type  of  die.  The  common  method  of  making  these  dies  is  to 
hob  them  out  with  a  tap  larger  in  diameter  than  the  basic  screw,  and 
then  to  close  them  in  by  means  of  the  adjusting  ring  shown.  This 
produces  an  imperfect  thread  if  a  tap  much  larger  in  diameter  than 
the  basic  size  of  the  screw  is  used.  The  correct  method  of  tapping 
out  a  die  of  this  kind  is  to  use  a  taper  tap  which  gives  clearance  at 


s- 


er 
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the  back  of  the  die.*  This  necessitates  the  making  of  taper  taps  which 
adds  to  the  expense  of  the  die.  This  type  of  die  is  also  difficult  to 
harden  without  springing  the  prongs,  thus  causing  chattering  and 
producing  a  thread  which  is  not  correct  in  shape.  Making  a  die  with 
three  prongs  or  cutting  edges  obviates  chattering'  and  produces  a 
more  nearly  perfect  thread.  When  cutting  a  small  screw,  the  work 
sometimes  breaks  off  in  the  die,  making  it  practically  useless,  because 
in  drilling  out  the  broken  pieces,  the  thread  in  the  die  is  almost  always 
injured.  A  type  of  die  which  overcomes  this  latter  objection  is  shown 
in  Fig.  12,  the  die  here  shown  being  split,  allowing  the  broken  screw 
to  be  easily  removed.  The  location  of  the  cutting  edges  on  spring 
screw  threading  dies  should  be  radial  for  brass,  and  about  one-tenth 
of  the  diameter  ahead  of  the  center  for  Norway  iron,  machine  steel, 
etc. 

Atyuetable  Boxind  Split  Threadinfir  Dies 

The  adjustable  round  split  die  has  an  advantage  over  the  spring 
screw  threading  die  for  the  following  reasons:     It  can  be  hardened 
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without  springing  out  of  shape,  and  can  be  held  more  rigidit*  which 
produces  good  results;  and  although  it  cannot  be  ground  to  advantage, 
its  first  cost  is  so  much  less  than  that  of  the  spring  screw  threading 
die  that  it  can  be  discarded  when  dull.  On  account  of  the  rigid 
manner  in  which  this  die  can  be  held,  the  cutting  edges  in  all  cases 
can  be  located  ahead  of  the  center  about  one-tenth  of  the  diameter 


Flff.  12.    Split  SprlDir  Screw  Threadinff  Die 

Which  gives  good  results.  In  Fig.  13  is  shown  a  type  of  adjustable 
round  split  button  die  as  used  by  the  Northern  Electric  &  Mfg.  Co., 
Ltd.,  of  Montreal.  This  type  of  die  has  been  found  to  give  such 
favorable  results  that  it  is  used  by  this  firm  in  preference  to  all 
other  types  for  screw  machine  work.  In  Tables  VI  and  VII  are 
given  (he  sizes  used  by  the  above  firm  in  making  their  dies  for  the 


Flff.  13.  General  Dimenalons  and  Dee^ra 
of  Approved  Tjrpe  of  AAJuatable  Round  SpUt 
Button  Die 


Plfir.  14.  muetratlon  showing 
Clearance  for  Adjustable  Round 
SpUt  Button  Die 


A.  S.  M.  E.  Standard  and  special  screw  sizes.    The  formulas  used  for 
the  dies  are  as  follows: 
External  diameter  =  basic  external  diameter  of  screw, 
Pitch  diameter  =  basic  pitch  diameter  of  screw, 

0.10825 

Root  diameter  =  basic  root  diameter  of  screw  +  

No.  of  threads  per  inch 
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0.10820 


This  latter  amount 


is  added  to  the  basic  root 


No.  of  threads  per  inch 
diameter  to  provide  for  wear.  While  the  sizes  as  given  have  been 
used  by  the  firm  mentioned,  for  a  considerable  time,  theoretically  it 
is  not  the  correct  way  of  making  the  die,  because,  to  cut  a  clean 
thread,  a  die  should  have  clearance  as  shown  at  a,  Fig.  14,  and  as  a 
screw  is  generally  cut  below  the  maximum  diameter,  the  sizes  as  given 
would  not  provide  any  clearance,  at  all;  in  fact  it  would  be  just  the 
reverse,  as  the  die  would  have  to  be  closed,  instead  of  opened  up. 
When  good  results  are  desired  the  die  should  be  tapped  out  smaller 

TABLB  VI.    AD  JUSTABLB  ROUND  SPLIT  BORBW  THRBAD  BUTTON 
DIB  8IZBS  FOR  A.  B.  M.  B.  STANDARD  SORBW8 


Size  of  Screw 

and  Number  of 

Threads  Per  Inch 

External 
Diameter 

Pitch 
Diameter 

Root 
Diameter 

0.060  —  80 

0.060 

0.0519 

0.0424 

0.073  —  72 

0.073 

0.0640 

0.0535 

0.086  —  64 

0.086 

0.0759 

0.0640 

0.099  —  56 

0.099 

0.0874 

0.0739 

0.112  —  48 

0.112 

0.0985 

0.0827 

0.125  —  44 

0.125 

0.1102 

0.0930 

0.138  —  40 

0.138 

0.1213 

0.1028 

0.151  —  36 

0.151 

0.1330 

0.1119 

0.164  —  36 

0.164 

0.1460 

0.1249 

0.177  —  32 

0.177 

0.1567 

0.1330 

0.190  —  30 

0.190 

0.1684 

0.1431 

0.216  —  28 

0.216 

0.1928 

0.1658 

0.242  —  24 

0.242 

0.2149 

0.1834 

0.268  —  22 

0.268 

0.2385 

0.2040 

0.294  —  20 

0.294 

0.2615 

0.2236 

0.320  —  20 

0.320 

0.2875 

0.2496 

0.346  —  18 

0.346 

0.3099 

0.2678 

0.372  —  16 

0.372 

0.3314 

0.2841 

0.398  — 16 

0.398 

0.3574 

0.3101 

0.424  — 14 

0.424 

0.3776 

0.3235 

0.450  — 14 

0.450 

0.4036 

0.3495 

than  the  basic  screw,  and  then  opened  up,  as  this  would  give  a  good 
clearance  as  shown,  enlarged,  at  a.  Fig.  14.  Making  the  root  diameter 
of  the  die  the  same  as  the  minimum  screw  would  give  the  desired 
results.  This  has  been  experimented  with  and  the  results  obtained 
were  perfectly  satisfactory.  The  following  formulas  should  then  be 
used  for  obtaining  the  sizes  of  adjustable  round  split  button  dies: 
External  diameter  =  basic  external  diameter  of  screw. 
Pitch  diameter  =  minimum  pitch  diameter  of  screw,  or  basic  pitch 

-      0.168 

diameter  of  screw 

No.  of  threads  per  inch  +  40 
Root  diameter  =  minimum  root  diameter  of  screw  or  basic  root  di- 

0.10825  0.168 

ameter h  ■ 


No.  of  th'ds  per  inch      No.  of  th'ds  per  inch  +  40 
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Making  the  external  diameter  equal  to  the  basic  external  diameter 
allows  for  clearance,  which  is  necessary,  as  the  external  diameter  of 
the  die  should  not  be  used  for  cutting  the  screw  to  size.  This  should 
be  accomplished  either  by  a  finishing  box-tool  or  by  the  cross-slide 
forming  tools.  It  is  obvious  that  making  the  dies  to  the  sizes  given 
in  the  formulas  permits  them  to  be  used  longer  and  still  cut  a  clean 
thread.  The  work  should  be  turned  slightly  smaller  than  the  finished 
diameter  required,  depending  on  the  material  and  the  pitch  of  the 
thread. 

TABZJi  Vn.    ADJUSTABLB  ROUND  SPLIT  BORBW  THBBAD  BUTTON 
DIB  8IZBS  irOB  A.  8.  M.  &  8PBOIAL  8CRBW8 


Siz«^  of  Screw 

and  Number  of 

Threads  Per  Inch 

External 
Diameter 

Pitch 
Diameter 

Root 
Diameter 

0.073  —  64 

0.073 

0.0629 

0.0510 

0.086—56 

0.086 

0.0744 

0.0609 

0.099  —  48 

0.099 

0.0855 

0.0697 

0.112  —  40 

0.112 

0.0958 

0.0768 

0.112  —  36 

0.112 

0.0940 

0.0729 

0.125  —  40 

0.125 

0.1088 

0.0898 

0.125  —  36 

0.125 

0.1070 

0.0859 

0.138  —  36 

0.138 

0.1200 

0.0989 

0.138  —  32 

0.138 

0.1177 

0.0940 

0.151  —  32 

0.151 

0.1307 

0.1070 

0.151  —  30 

0.151 

0.1294 

0.1041 

0.164  —  32 

0.164 

0.1437 

0.1200 

0.164  —  30 

0.164 

0.1424 

0.1171 

0.177  —  30 

0.177 

0.1554 

0.1301 

0.177  —  24 

0.177 

0.1499 

0.1184 

0.190  —  32 

0.190 

0.1697 

0.1460 

0.190  —  24 

0.190 

0.1629 

0.1314 

0.216  —  24 

0.216 

0.1889 

0.1574 

0.242  —  20 

0.242 

0.2095 

0.1716 

0.268  —  20 

0.268 

0.2355 

0.1976 

0.294  — 18 

0.294 

0.2579 

0.2158 

0.320  — 18 

0.320 

0.2839 

0.2418 

0.346  — 16 

0.346 

0.3054 

0.2581 

0.372  — 18 

0.372 

0.3359 

0.2938 

0.398  — 14 

0.398 

0.3516 

0.2975 

0.424  — 16 

0.424 

0.3834 

0.3361 

0.450  —  16 

0.450 

0.4094 

0.3621 

Tables  for  laying-out  button  dies  are  given  In  Machinery's  Data 
Sheet  Book  No.  3,  "Taps  and  Dies,"  pages  30  and  31. 

Machine  Taps 

Internal  threading  on  the  automatic  screw  machine  presents  certain 
difllcultles.  There  is  a  tendency  for  the  chips  to  clog  and  to  break  the 
tap  at  the  moment  of  reversal,  as  the  chips  then  lodge  back  of  the 
cutting  edges,  tending  to  prevent  the  tap  from  reversing.  The  spindle 
revolving  at  a  high  rate  of  speed  also  has  a  tendency  to  break  the  tap. 
Taps  for  screw  machine  work  should  have  liberal  space  for  the  chips^ 
the  lands  being  made  just  strong  enough  to  resist  the  cutting  pressure. 
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Of  course,  the  flutes  must  not  be  made  too  deep,  so  as  to  reduce  the 
cross-section  of  the  tap  too  much.  The  cutting  edges  are.  In  general, 
radial. 

In  Tables  VIII  and  IX  are  given  the  manufacturing  limits,  as 
adopted  by  the  Northern  Electric  ft  Mfg.  Co..  Ltd.,  Montreal,  for  the 
A.  S.  M.  E.  standard  and  special  sizes.  The  taps  are  made  from  Stubbs* 
imported  drill  rod.  The  diameters  of  shank  used  are  given  in  the 
tables,  and  also  the  length  of  the  threaded  portion  and  the  over-all 
length.  All  taps  0.100  inch  in  diameter  and  less,  have  three  flutes,  and 
all  taps  over  0.100  inch  in  diameter  have  four  flutes.  The  formulas 
used  by  the  above  firm  for  the  manufacturing  limits  are  as  follows 
(T.  P.  /.  =  threads  per  inch): 

BZTBRNAIj  diambtbr 

0.10825  0.224 

Maximum  =  basic  external  diameter  of  screw  -\ 1 

T.  P.  I.        T.  P.  i.  -f  40     . 

0.10825  0.112 

Minimum  =  basic  external  diameter  of  screw  -\ h  ■ 


PrrOH  DIABfETFR 

Maximum  =  basic  pitch  diameter  of  screw -f  ^ 


T.  P.  I.        T.  P.  /.  -f  40 
0.224 


T.  P.  /.  4-  40 

0.168 

Minimum  =  basic  pitch  diameter  of  screw  -\ 

T.  P.  /.  -h  40 

ROOT  DIAMETER 

0.336 

Maximum  =  basic  root  diameter  of  screw  -\ 

T.  P.  /.  4-  40 

0.112 

Minimum  =  basic  root  diameter  of  screw  H 

T.  P.  /.  -f  40 

The  only  changes  from  the  A.  S.  M.  E.  formulas  for  the  taps  are  the 
minimum  external  diameter,  and  the  minimum  pitch  diameters.  The 
reason  for  increasing  the  minimum  external  diameters  can  easily  be 
seen  by  comparing  the  results  as  obtained  by  the  formulas  used  by 
the  Northern  Electric  ft  Mfg.  Co.  and  the  A.  S.  M.  E.  respectively.  For 
example:  Take  a  tap  0.164 — 36  threads  per  inch.  The  minimum  ex- 
ternal diameter  given  by  the  A.  S.  M.  E.  is  0.1656  inch.  Now  the 
maximum  or  basic  screw  is  0.164  inch.  This  leaves  0.0016  inch  for 
wear,  when  the  tap  has  been  made  the  minimum  size.  This  amount 
has  been  found  not  to  be  sufficient.  The  minimum  external  diameter, 
as  found  by  the  formula  used  by  the  Northern  Electric  ft  Mfg.  Co., 
is  0.1685  inch,  which  gives  0.0045  inch  over  the  basic  screw.  As  will 
also  be 'noted,  this  decreases  the  limit  between  the  maximum  and 
minimum  external  diameters  of  the  tap,  allowing  only  0.0014  inch. 
In  all  cases  the  limits  as  derived  by  these  formulas  have  been  found 
to  be  sufficient.  It  will  also  be  noted  that  the  minimum  pitch  diameter 
is  also  increased  to  extend  the  life  of  the  tap.    In  Table  X  the  results 
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as  obtained  by  the  various  formulas  are  given,  which  simplifies  the 
calculations  necessary  in  determining  the  limits,  as  the  amounts  given 
are  added  to  the  basic  sizes  of  the  screw.  In  the  last  two  columns  are 
given  the  single  and  double  depth  of  the  thread. 

TABLB  X.    OAIiCUIiATBD  VALUBB  FOB  FORMULAS  FOR  FINDING  MANUFAOTUBINO 
LIMITS  FOR  TAP  AND  DIB  8IZBS 


mj3 

•M.     1 

*« 

? 

«M 

? 

•M 

^ 

H.          ? 

«M 

Ik 

+ 

0. 

II 

O. 

-f- 

01, 

P2 

0: 

"o: 

0U 

^^1 

>=r 

r 

?^ 

OBO 

> 

go  OU 

It 

h 

IS 

H 

80 

0.0014 

0.0009 

0.0019 

0.0028 

0.0014 
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0.0162 

72 

0.0015 

0.0010 

0.0020 

0.0030 

0.0015 

0.0090 

0.0180 

64 

0.0017 

0.0011 

0.0022 

0.0032 

0.0016 

0.0101 

0.0203 

56 

0.0019 

0.0012 

0.0023 

0.0035 

0.0018 

0.0116 

0.0232 

48 

0.0023 

0.0013 

0.0025 

0.0038 

0.0019 

0.0135 

0.0271 

44 

0.0025 

0.0013 

0.0027 

0.0040 

0.0020 

0.0148 

0.0295 

40 

0.0027 

0.0014 

0.0028 

0.0042 

0.0021 

0.0162 

0.0325 

36 

0.0030 

0.0015 

0.0029 

0.0044 

0.0022 

0.0180 

0.0361 

32 

0.0034 

0.0016 

0.0031 

0.0047 

0.0023 

0.0203 

0.0406 

30 

0.0036 

0.0016 

0.0032 

0.0048 

0.0024 

0.0217 

0.0433 

28 

0.0039 

0.0016 

0.0033 

0.0049 

0.0025 

0.0232 

0.0464 

24 

0.0045 

0.0018 

0.0035 

0.0053 

0.0026 

0.0271 

0.0541 

22 

0.0049 

0.0018 

0.0036 

0.0054 

0.0027 

0.0295 

0.0590 

20 

0.0054 

0.0019 

0.0037 

0.0056 

0.0028 

0.0325 

0.0650 

18 

0.0060 

0.0019 

0.0039 

0.0058 

0.0029 

0.0361 

0.0722 

16 

0.0068 

0.0020 

0.0040 

0.0060 

0.0030 

0.0406 

0.0812 

14 

0.0077 

0.0021 

0.0041 

0.0062 

0.0031 

0.0464 

0.0928 

An  ordinary  machine  tap  is  suitable  for  cutting  brass,  but  it  does 
not  give  satisfactory  results  when  tapping  Norway  iron,  machine  steel, 
etc.  In  Fig.  15  is  shown  a  tap  which  gives  good  results  in  threading 
Norway  iron  or  machine  steel.  This  tap  should  be  slightly  tapered 
towards  the  back  for  clearance.  The  end  is  ground  at  an  angle  of 
about  55  degrees,  and  slightly  cupped  at  the  center,  and  backed  off  as 
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Flff.  16.    A  Tap  Suitable  for  Norway  Iron  and  Machine  Steel 

shown.  A  groove  is  ground  the  entire  length  of  the  threaded  portion, 
after  the  tap  has  been  hardened.  This  allows  the  oil  to  penetrate  to 
the  point  in  threading,  and  also  provides  clearance  for  the  chips  to 
back  out.  When  made  from  Stubbs'  imported  drill  rod  and  carefully 
hardened,  this  tap  can  be  worked  at  a  cutting  speed  of  from  35  to  40 
feet  per  minute,  which  would  be  impossible  with  an  ordinary  tap. 
Taps  for  threading  copper  have  their  flutes  cut  spirally  and  should 
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also  have  an  odd  number  of  flutes.    A  right-hand  spiral  of  about  one 
turn  in  12  inches  should  be  used. 

Tap  DrlUs 

The  tapping  size  drills  as  recommended  by  the  A.  S.  M.  E.  are  not 
suitable  for  general  work.  The  question  of  tap  drills  cannot  be  settled 
by  giving  a  table  and  saying  that  the  sizes  therein  contained  are  the 
best.  Of  course,  to  a  certain  extent,  the  sizes  used  in  various  shops 
do  not  vary  greatly,  but  nevertheless  there  is  really  no  standard  size. 

Considering  this,  the 
writer  submits  a  list  of 
tapping  size  drills 
which  have  been  adopt- 
ed by  the  Northern 
Electric  &  Mfg.  Co.  for 
general  work.  These 
sizes  have  given  good 
results  in  practice.  The 
Fiff.  10.  Button  Die  Holder  of  the  slzes  as  glveu  in  Table 

Draw-out  Type  _._.  j      «  n 

XI  are  used  for  all 
classes  of  work  and  material.  The  amount  of  thread  obtained  by  these 
sizes  is  from  %  to  %  of  a  full  thread. 

Speeds  for  Dies  and  Taps 
As  a  general  rule,  a  die  can  be  operated  at  a  higher  rate  of  speed 
than  a  tap,  for  the  following  reasons:  A  die  can  be  left  harder  than 
a  tap;  and  the  die  can  be  supplied  with  oil  much  easier  than  can  the 
tap.  The  following  surface  speeds  have  been  found  suitable  for  taps 
and  dies  made  from  ordinary  carbon  steel  and  used  on  the  materials 
specified  below: 

SURFAOB  8PEBDS  FOR  DIBB 
liaterial  Feet  per  Minute 

Brass   (ordinary  quality) '. . .     190-20(> 

Norway  iron  and  machine  steel 30-40 

Drill  rod  and  tool  steel 20-30 

SURFACE  8PEBD8  FOR  TAPS 
Material  Feet  per  Minute 

Brass   (ordinary  quality) 150-160 

Norway  iron  and  machine  steel 25-30 

Drill  rod  and  tool  steel 15-20 

Die  and  Tap  Holders 

The  manner  in  which  a  die  or  tap  is  held  when  being  applied  to  the 
work  has  a  considerable  bearing  on  the  results  obtained.  The  die  or 
tap  holders  supplied  by  the  Brown  &  Sharpe  Mfg.  Co.  give  satisfactory 
results  in  most  cases,  and,  therefore,  these  holders  should  be  used  for 
general  automatic  screw  machine  work.  In  Fig.  16  is  shown  a  button 
die  holder  of  the  draw-out  type,  as  made  by  the  above  firm.  This 
holder  gives  good  results  when  the  work  is  not  required  to  be  threaded 
up  to  a  shoulder.  In  Fig.  17  is  shown  an  improved  design  of  releasing 
button  die  holder  also  made  by  this  firm,  a  section  through  the  holder 
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being  shown  at  A.  The  main  feature  of  this  die  holder  is  that  it  can 
be  reversed  without  shock;  therefore,  when  threading  small  screws, 
it  has  less  tendency  to  break  off  the  screw  in  the  die.  At  B  and  O 
are  shown  two  views  at  the  cross-section  XY,    At  B  and  C  are  also 


Ihi/rhiuat-if^^.f^ 


Fig.  17.    niustratlon  Btaowlnff  Operatdnff  Parts  of  RelecuBtnff 
Button  Die  Bolder 

shown  two  small  balls  e  which  are  used,  allowing  this  die  holder  to 
reverse  without  shock.  The  operation  of  the  holder  is  as  follows: 
When  the  die  holder  or  spindle  a  draws  out  from  the  body  &,  the  driving 
pins  c  are  also  withdrawn,  so  that  the  ends  of  these  pins  are  drawn  out 
flush  with  the  plate  m.    When  the  machine  spindle  is  reversed,  spindle 


Fiff.  18.    Releaalng  Tap  Holder 

o  revolves  with  the  work,  the  centrifugal  force  throwing  the  ball  e 
out  of  the  deep  part  of  the  pocket  as  shown  at  B  into  the  position  as 
shown  at  C.  This  locks  the  holder,  allowing  it  to  be  backed  off  the 
work.  This  holder  can  be  used  either  for  right-  or  left-hand  threading 
simply  by  inserting  the  balls  e  in  the  different  pockets,  e.  g.,  when  ball 
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e  is  placed  in  pocket  f  it  will  cut  a  right-hand  thread,  and  when 
placed  in  pocket  g  it  will  cut  a  left-hand  thread.  This  holder  is  used 
to  advantage,  especially  when  cutting  up  to  a  shoulder. 

In  Fig.  18  is  shown  a  releasing  tap  holder.  The  spindle  A  carries 
a  pawl  a,  which  is  held  back  against  the  shoulder  C  by  the  spring  b. 
When  the  spindle  A  is  drawn  out,  the  beveled  portion  on  the  pawl  a 
allows  it  to  slide  past  block  B,  thus  allowing  the  spindle  A  to  make  ona 

revolution,  when  the  op- 
posite face  of  pawl  b 
comes  in  contact  with 
block  B,  thus  allowing 
the  tap  to  back  out  of 
the  work.  A  blank 
bushing  d  is  shown  in 
the  holder. 

UsinfiT  Two  Taps 
When  a  full  thread  is 
desired  and  the  size  of 
the  tap  will  not  stand 
the  cutting  pressure,  it 
is  sometimes  found  con- 
venient to  use  two 
taps.  The  first  tap  should 
be  ground  tapered  some- 
what similar  to  a 
starting  tap  used  for 
hand  tapping.  The  taper 
should  extend  oack  a 
distance  equal  to  that 
which  the  tap  is  to  go 
into  the  work,  so  that 
the  first  thread  in  the 
work  will  be  to  the  full 
diameter.  The  second 
tap  is  left  with  a  full 
thread.  To  set  the  taps, 
the  dogs  on  the  drum 
should  be  set  so  that  the  spindle  will  be  reversing  at  about  the  same 
point  on  both  the  thread  lobes.  Then  the  first  tap  is  set  and  made 
to  travel  into  the  work  the  desired  distance.  The  second  tap  is  then 
set  in  the  turret,  the  distance  from  the  face  of  the  turret  being  the 
same  as  for  the  first  tap.  If  this  procedure  is  followed,  little  difficulty 
will  be  encountered.  A  releasing  tap  holder  as  shown  in  Fig.  18  is 
preferable  to  the  draw-out  type  for  this  purpose,  as  the  taps  are  not 
required  to  be  set  as  accurately. 

CuttinfiT  the  Thread  Lobe 
In  Fig.  19  is  shown  a  circular  milling  attachment  in  position  on  the 
Brown  &  Sharpe  universal  milling  machine,  equipped  with  a  vertical 


Pljf.lQ.    Cuttinar  Thread  Lobe  on  a  Circular 

MlUlntr  Attachment 
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milling  attachment.  Before  cutting  the  cam  the  various  lobes  are 
laid  out  in  their  respective  positions  as  designated  on  the  drawing, 
and  the  metal  is  removed  either  by  shearing  in  a  punch  press  or 
by  drilling  a  series  of  3/16-inch  holes  about  1/16  inch  from  the  outline 
of  the  various  lobes.  The  cam  is  then  placed  on  block  A,  as  shown, 
which  has  a  projecting  stud,  nut  B  being  used  to  hold  down  the  cam 
tightly  against  the  face  of  this  block.  The  block  is  held  to  the  circular 
milling  attachment  by  two  screws  not  shown  in  the  illustration.  To 
cut  the  cam,  raise  the  knee  until  the  end  mill  passes  the  lower  face 
of  the  cam  C  as  shown,  and  bring  the  end  mill  into  position  at  the 
bottom  of  the  lobe,  in  other  words,  at  the  point  where  the  die  would 
start  on  the  work.  Then  feed  in  the  end  mill  the  desired  distance. 
The  micrometer  collars  on  the  shafts  carrying  handles  D  and  E  are 
then  set  at  zero.  Referring  to  Fig.  10,  we  find  that  the  lead  on  the 
lobe  is  one  thousandth  inch  for  each  Zy^  minutes  of  its  circumference, 
but  the  smallest  division  on  this  attachment  i^  five  minutes.  We  will, 
therefore,  revolve  the  attachment  five  minutes  for  each  0.0015  inch 
that  we  feed  in  the  cam,  continuing  in  this  manner  until  that  side 
of  the  lobe  is  finished.  The  attachment  \&  then  swung  around  and 
the  other  side  of  the  lobe  completed  in  the  same  manner.  Milling 
the  cam  in  this  manner  leaves  a  series  of  slight  flats  on  the  lobe  which 
can  be  removed  by  filing,  giving  the  cam  lobe  an  approximately 
true    curve. 
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THREAD  ROLLING 

The  rolling  of  threads  has  for  a  considerable  time  been  practiced 
in  the  manufacture  of  machine  and  wood  screws,  the  threads  being 
formed  by  dies  which  have  V-grooves  in  their  opposing  faces,  cut  at 
an  angle  equal  to  the  helix  of  the  thread.  The  operation  of  rolling  a 
screw  in  a  thread  rolling  machine  consists  in  passing  the  screw  be- 
tween two  flat  dies,  one  of  which  is  stationary  and  the  other  recipro- 
cating. This  is  the  principle  on  which  some  of  the  thread  rolling 
machines  on  the  market  work,  while  others  have  one  stationary  hoi- 
low  cylindrical  die  and  one  revolving  circular  .die.  However,  the 
principle  on  which  they  act  is  the  same;  that  is,  part  of  the  material 
is  raised  to  form  the  thread  by  forming  a  corresponding  depression  in 
the  blank.  This  action  makes  the  diameter  of  the  finished  screw  larger 
than  the  blank. 

The  adaptation  of  thread  rolling  to  the  automatic  screw  machine 
is,  however,  of  comparatively  recent  application — ^hence  the  scarcity 
of  definite  information  on  the  subject.  After  considerable  experi- 
menting with  this  class  of  work,  the  Brown  &  Sharpe  Mfg.  Co.  has 
found  that  the  rolling  of  threads  on  steel  parts  is  a  very  unsatisfac- 
tory practice,  and  thus  confines  the  rolling  of  threads  to  brass  and 
similar  materials.  The  information  given  in  this  chapter,  therefore, 
applies  exclusively  to  the  rolling  of  threads  on  these  materials. 

Obtainlner  the  Diameter  of  the  Blank 
The  rolling  of  a  thread  differs  from  cutting  a  thread  with  a  V-tool. 
in  that  by  the  former  method  no  material  is  cut  away,  the  thread 
being  formed  by  displacing  the  material,  as  stated.  Theoretically,  in 
a  sharp  V-thread,  the  volume  of  one  convolution  of  thread  above  the 
pitch  diameter  should  be  greater  than  that  of  the  space  between  the 
threads  below  the  pitch  diameter,  on  account  of  the  greater  circum- 
ference. Therefore,  the  diameter  of  the  blank  before  rolling  should 
presumably  be  greater  than  the  pitch  diameter.  This,  however,  is 
not  the  case  for  all  materials,  brass  in  particular  being  an  exception. 
As  a  rule,  the  diameter  of  the  blank  for  brass  should  be  approximately 
equal  to  the  pitch  diameter. 

When  rolling  a  U.  S.  standard  thread,  the  pitch  diameter  is  found 
to  be  slightly  greater  than  the  required  diameter  of  the  blank,  because 
of  the  impracticability  of  making  the  thread  roll  with  a  flat  top.  If  a 
thread  roll  is  not  made  with  a  sharp  V  at  the  top,  it  will  require  a 
considerably  greater  pressure  to  force  it  into  the  work,  and  the  roll 
does  not  produce  as  smooth  and  perfect  a  thread.  Therefore,  it  has 
been  found  advisable  to  make  all  thead  rolls,  whether  for  forming 
a  sharp  V  or  a  U.  S.  standard  thread,  with  a  sharp  V  top  and  bottom. 
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It  is  not  necessary  to  make  the  bottom  of  the  thread  on  the  roll  sharp, 
but  there  would  be  no  advantage  in  having  it  flat,  as  the  outside 
diameter  of  the  screw  is  governed  by  the  diameter  of  the  blank. 

The  shape  of  the  thread  produced  by  a  thread  roll  when  the  U.  S. 
standard  form  is  required  is  shown  at  B  in  Fig.  20.  The  pitch  diameter 
d,  is  the  same  as  the  pitch  diameter  of  the  U.  S.  standard  form  shown 
at  A.  The  root  diameter  d„  however,  is  less  than  the  root  diameter 
dx  of  the  U.  S.  standard  thread  shown  at  A.  The  pitch  diameter  d, 
is  slightly  greater  than  the  required  diameter  of  the  blank,  which  can 
be  found  approximately  by  the  following  formula: 

D  =  d, (1) 

8 
in  which 

D  =  diameter  of  the  blank, 

da  =  pitch  diameter  of  the  screw, 

d.  =  depth  of  U.  S.  standard  thread.     (See  A  Fig.  20.) 


Plff.  flO.    Notation  iia«d  !a  0*loiil»tlnff  DUmeters  of  ThrMkd  RoUa 

The  depth  of  the  thread  d»  can  be  found  by  the  following  formula: 

d,=  %  Xp  X  cos  30  deg.  =  0.6495  p  (2) 

1 

where  p  =  the  pitch  of  the  thread  or  

number  of  threads  per  inch 

The  pitch  diameter  is  found  by  the  formula: 

d,  =  d  —  d,  (3) 

where  d  =  the  nominal  external  diameter  of  the  screw. 

When  rolling  a  thread  having  a  sharp  V-form,  the  pitch  diameter  d*, 
as  shown  at  C  in  Fig.  20,  can  be  used  as  the  approximate  diameter 
of  the  blank.  The  correct  diameter  of  the  blank  in  any  case  cannot 
be  found  by  any  formula,  but  by  experiments  only.  It  might  be  pos- 
sible, however,  to  derive  an  empirical  formula  by  making  a  series  of 
experiments,  and  in  each  case  determining  the  hardness  of  the  metal. 
Then  the  results  could  be  tabulated  and  used  under  similar  conditions 
— when  the  metal  is  of  the  same  hardness  and  the  thread  of  the  same 
shape.  It  is  a  simple  matter,  however,  in  the  automatic  screw  machine, 
to  reduce  or  increase  the  diameter  of  the  blank,  so  as  to  give  the 
correct  finished  diameter;  thus  it  seems  that  any  elaborate  method  of 
accurately  obtaining  the  diameter  of  the  blank  by  calculation  is  un- 
necessary. 
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Preparing'  Work  for  Thread  BoHlnflr 
In  most  cases  that  part  of  the  work  on  which  a  thread  is  to  Do 
rolled  can  be  formed  by  the  circular  form  tool.  The  thread  to  be 
rolled  is  generally  at  the  rear  of  a  shoulder,  so  that  the  thread  roll 
has  to  be  of  a  certain  width,  thus  making  it  necessary  to  bevel  the 
edges  of  the  roll  to  prevent  the  threads  at  the  ends  from  chipping. 
It  is,  therefore,  desirable,  when  the  work  is  to  be  threaded  up  to  a 
shoulder,  to  make  the  form  tool  of  such  a  shape  that  it  will  neck  the 
work,  as  shown  at  A  in  Fig.  21,  and  also  to  reduce  the  diameter  at  B 
where  the  work  is  to  be  cut  off. 

The  angle  a  should  be  45  degrees,  and  the  distance  C  should  be 
equal  to  at  least  half  the  single  depth  of  the  thread,  so  that  the  part  B 
will  be  slightly  smaller  than  the  root  diameter  of  the  finished  piece. 
The  distance  E  should  be  made  equal  to  C,  and  the  distance  F  equal  to 
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Flff.  91.    PrepATlnff  a  Pleo«  wltb 
a  CMroalar  Form  Tool 


Flff.  22.    Thread  Roll  with  a  Double  Thread 
—Note  Beyeled  Bd^ee 


at  least  the  pitch  of  the  thread.  When  it  is  not  necessary  to  roll 
the  thread  up  to  a  shoulder,  the  work  need  not  be  necked.  However, 
better  results  are  obtained,  in  most  cases,  by  necking  the  work,  when- 
ever it  would  not  be  seriously  weakened  thereby. 

MakinfiT  the  Thread  Boll 

The  best  results  are  obtained  by  using  a  thread  roll  with  a  single 
thread,  but  when  the  piece  to  be  rolled  is  less  than  %  inch  in 
diameter,  it  is  necessary  to  make  the  roll  with  a  multiple  thread  in 
order  to  have  it  of  the  proper  size.  The  roll  should  be  made  the  op- 
posite hand  to  that  which  it  is  required  to  produce;  that  is  to  say, 
for  a  right-hand  thread,  the  thread  roll  is  cut  left-hand. 

Owing  to  the  displacement  of  the  metal  in  forming  a  thread  by  roll- 
ing, there  is  no  point  in  the  formation  of  the  thread  where  the  contact 
is  perfect.  If  the  pitch  diameter  of  the  roll  was  made  an  exact  mul- 
tiple of  the  pitch  diameter  of  the  piece  to  be  rolled,  the  contact  would 
be  perfect  when  the  thread  was  completed,  but  not  at  any  other  point 
during  the  formation  of  the  thread,  and,  therefore,  would  not  allow 
the  metal  to  flow.  The  Brown  &  Sharpe  Mfg.  Co.  has  found  that 
the  pitch  diameter  of  the  roll  should  not  be  an  exact  multiple  of  the 
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pitch  diameter  of  the  finished  piece,  but  should  be  slightly  less.  The 
pitch  diameter  of  the  roll  for  a  U.  S.  standard  thread  can  be  found 
by  the  following  formula: 


!>.  =  ..  x(d-AJ 


(4) 


in  which, 
D,  =  pitch  diameter  of  roll   (see  Fig.  22), 

A'  =  approximate   ratio   between  pitch  diameter   of  roll   and   pitch 
diameter  of  piece  to  be  threaded. 


MaaMMry.Sr. 


Flff.  as.    Lay-out  of  a  Bet  of  Oama  for  Pertbrminff  a  Thread-rolUnir  Operation 

D  =  diameter  of  blank  (see  Fig.  21), 

de  =  depth  of  thread   (see  B,  Fig.  20). 

The  depth  of  a  U.  S.  standard  thread  as  produced  by  thread  rolling 
can  be  found  by  the  following  formula  (for  notation  see  B,  Fig.  20): 

(f,  =  %   X  p   X   cos  30  deg.  =  0.7578  p  (5) 

where  p  =  the  pitch  of  the  thread. 

To  illustrate  clearly  the  method  used  in  designing  a  thread  roll  for 
producing  a  U.  S.  standard  thread,  as  shown  at  B  in  Fig.  20,  take 
a  practical  example:     Assume  that  it  is  necessary  to  design  a  thread 
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roll  for  producing  the  thread  on  the  piece  shown  at  A  in  Fig.  23.  As 
this  is  a  U.  S.  standard  thread,  and  it  is  impracticable  to  use  a  roll 
with  a  flat  top,  we  use  the  blank  diameter  for  calculating  the  pitch 
Hiameter  of  the  roll,  instead  of  the  pitch  diameter  of  the  thread,  as 
would  be  the  cajse  with  a  sharp  V-thread.  The  blank  diameter  can  be 
found  by  Formula  (1).  Before  finding  the  blank  diameter,  however, 
it  is  necessary  to  find  the  depth  of  the  thread,  which  can  be  found  by 
substituting  the  known  values  in  Formula  (2),  as  follows: 

d,  =  0.6495  p  =  0.6495  X  0.0555  =  0.0360  inch. 
Then 

d,  =  d  —  d,  =  0.4375  —  0.0360  =  0.4015  inch 

and 

d,  0.036 

D  =  dt =  0.4015 =  0.4015  —  0.0045  =  0.397  Inch. 

8  8 

The  pitch  diameter  of  the  thread  roll  can  then  be  found  by  Formula 
(4),  but  before  finding  the  pitch  diameter  it  is  necessary  to  find  the 
depth  of  the  thread  d.  (see  B,  Fig.  20)  by  inserting  the  values  in 
Formula  (5): 

d.  =  p  X  0.7578  =  0.0555  X  0.7578  =  0.042  inch. 


Then 


(0.042\ 
0.397 1=0.766  inch. 


The  root  diameter  D,  and  the  outside  diameter  D,  of  the  thread 
roll  (see  Fig.  22)  can  be  found  by  the  following  formulas: 

D,  =  I),  — dr   (See  C,  Fig.  20)  (6) 

D,=zD^-\-d,  (7) 

inserting  the  values,  we  have : 

D,  =  0.766  —  0.048  =  0.718  inch, 
and 

D,  =  0.766  H-  0.048  =  0.814  inch. 

The  same  method  as  that  given  for  the  U.  S.  standard  form  of 
thread  is  used  for  the  A.  S.  M.  E.  standard  screws  when  designing  a 
thread  roll.  A  thread  roll  for  a  sharp  V-thread,  however,  is  calculated 
from  the  pitch  diameter,  which  is  also  used  as  the  approximate  di- 
ameter of  the  blank.  For  a  sharp  V-thread  the  root,  pitch  and  outside 
diameters  of  the  roll  are  found  by  the  following  formulas: 


z,.=:.x(..— ^) 


(8) 


D,  =  D,  — dr  (9) 

D.  =  D,  H-dx  (10) 


in  which 
D,  =  pitch    diameter  of  thread   roll, 
Dt  =  root  diameter  of  thread  roll. 
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D8  =  outside  diameter  of  thread  roll, 

N  =  approximate  ratio  between  pitch  diameter  of  roll  and  pitch 
diameter  of  piece  to  be  threaded, 

(f«  =  pitch  diameter  of  thread  or  diameter  of  blank, 

(lt  =  0.866  p  (see  O  Fig.  20). 

In  making  a  thread  roll  the  outside  diameter  is  turned  to  the  size 
required,  and  the  ends  are  beveled  at  an  angle  of  45  degrees,  as  shown 
in  Fig.  22,  to  prevent  the  threads  on  the  ends  of  the  roll  from  chipping. 
If  the  roll  is  to  be  made  with  a  multiple  thread,  the  lathe  must,  of 
course,  be  geared  to  correspond.  Before  cutting  the  thread  it  is  pre- 
ferable to  bevel  the  edges  at  an  angle  of  30  degrees,  or  equal  to  the 
angle  of  one  side  of  the  thread.  This  facilitates  the  starting  of  the 
thread  tool.  After  the  threads  have  been  cut,  the  roll  should  again  be 
beveled,  but  at  an  angle  of  45  degrees. 


FUr.  24.    Samplea  of  Pieces  havlnir  RoUed  Ttaxeada 

Thread  rolls  should  be  made  from  steel  containing  a  high  percentage 
of  carbon.  Precautions  should  be  taken  in  hardening,  because  if  the 
sharp  edges  become  burnt  the  roll  will  be  useless.  Thread  rolls,  as 
a  rule,  are  lapped  after  hardening.  This  is  done  by  holding  them  on 
an  arbor  In  the  lathe,  and  using  emery  and  oil  on  a  piece  of  hard  wood. 
A  thread  roll,  to  give  good  results,  should  not  be  made  to  fit  loosely  in 
the  slot  in  the  holder,  but  should  be  made  a  good  running  fit.  If  the 
roll  is  made  to  fit  loosely  In  the  holder,  it  will  **chew  up"  the  threads. 
The  hole  in  the  roll  should  also  be  made  a  good  running  fit  on  the 
pin  in  the  holder,  and  in  most  cases  should  not  be  larger  than  5/16  inch, 
^  inch  being  usually  adopted  for  rolls  1  inch  in  diameter  or  less. 

Appljrlng'  a  Thread  Boll  to  the  Work 

The  shape  of  the  work  and  the  character  of  the  operations  necessary 
to  produce  it,  govern,  to  a  large  extent,  the  method  employed  in  ap- 
plying the  thread  roll.  There  are,  however,  other  considerations  to 
be  observed,  some  of  which  are  as  follows: 
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1.  Diameter  of  the  part  to  be  threaded. 

2.  Location  of  the  part  to  be  threaded. 

3.  Length  of  the  part  to  be  threaded. 

4.  Relation  that   the   thread   rolling   operation  bears   to   the   other 
operations. 

5.  Shape  of  the  part  to  be  threaded,  whether  straight,  tapered  or 
otherwise. 

6.  Method  adopted  in  applying  the  support. 

When  the  diameter  to  be  rolled  is  much  smaller  than  the  diameter 
of  the  shoulder  preceding  it,  a  cross-slide  knurl-holder  should  be  used. 


Fl0.  26.    Top  Oroas-sUda  RoU-holdar 

If  the  part  to  be  threaded  is  not  behind  a  shoulder,  a  holder  on  the 
swing  principle  should  be  used.  When  the  work  is  long — greater  in 
length  than  two-and-one-half  times  its  diameter — a  swing  roll-holder 
should  be  employed,  carrying  a  support.  When  the  work  can  be  cut 
off  directly  after  the  thread  is  rolled,  a  cross-slide  roll-holder  should  be 
used.  The  method  of  applying  the  support  to  the  work  also  governs 
to  some  extent  the  method  of  applying  the  thread  roll,  but  as  this  de- 
pends entirely  on  the  shape  of  the  work,  it  would  be  impossible  to  say 
what  method  should  be  employed,  unless  the  shape  of  the  work  were 
known. 

When  no  other  tool  is  working  at  the  same  time  as  the  thread  roll, 
and  when  there  is  freedom  from  chips,  the  roll  can  be  held  more  rigidly 
by  passing  it  under  instead  of  over  the  work.    When  passing  the  roll 
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over  the  work,  it  has  a  tendency  to  raise  the  cross-slide,  while,  on  the 
other  hand,  if  the  roll  is  passed  under  the  work,  the  pressure  is  down- 
ward, and  hence  the  holder  is  more  rigidly  supported.  Where  the  part 
to  be  threaded  is  tapered  as  shown  on  the  aluminum  piece  O  in  Fig.  24, 
the  roll  can  be  best  presented  to  the  work  by  holding  it  in  a  cross-slide 
roll-holder. 

Holders  for  Thread  Bolls  ^ 

As  previously  mentioned,  certain  considerations  govern  the  method 
of  applying  the  thread  roll;  the  holder  for  the  roll,  therefore,  has  to 
be  designed  to  suit  these  requirements.  There  are  various  types  of 
special  holders  in  use  for  holding  thread  rolls;  a  few  of  the  more  com- 
mon or  standard  types  will  be  described. 

In  Fig.  25  is  shown  what  is  called  a  "top"  roll-holder.    This  holder 


CIRCULAR  CUT-OFF  TOOL    ^^ 


GROSS-SLIDE 


MaohineryOt.Y, 


m^  aa.    Holder  used  when  the  RoU  la  passed  under  the  Work 

is  held  on  a  boss  turned  on  the  circular  cut-off  tool,  and  is  clamped 
by  the  circular  cut-off  tool  and  the  screw  which  holds  the  latter  to 
the  toolpost.  The  thread  roll  is  held  in  a  slot  cut  In  the  forward  end  of 
the  holder  on  a  pin,  the  latter  being  driven  into  the  holder,  as  shown. 
As  considerable  pressure  is  required  to  force  the  roll  into  the  work, 
there  is  a  tendency  to  turn  the  pin  in  the  holder;  to  obviate  this,  a 
flat  is  filed  on  the  pin  and  a  setscrew  A  is  provided.  The  set-screw 
B  is  used  for  setting  the  roll  to  the  proper  depth,  and  rests  on  the 
toolpost.  By  making  hole  C  in  the  holder  to  fit  the  screw  in  the  toolpost, 
this  holder  could  be  held  on  the  outside  of  the  toolpost,  instead  of  fit- 
ting on  the  circular  cut-off  tool.  This  thread-roll  holder  can  be  used 
for  holding  rolls  for  threading  pieces  such  as  shown  at  A,  B  and  C 
in  Fig.  24. 

A  thread-roll  holder  which  is  held  on  the  cross-slide  but  passes  under 
the  work  is  shown  in  Fig.  26.  This  holder  is  held  on  a  projection  on 
the  cut-off  tool  in  a  manner  similar  to  that  shown  in  Fig.  25.  The 
support,  the  set-screw  A,  rests  on  the  cross-slide^  and  is  used  for 
idjusting  the  roll  to  the  proper  depth,  as  well  as  for  supporting  the 
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holder.  This  holder  can  be  held  more  rigidly  than  the  top  roll-holder 
shown  in  Fig.  25;  it  is  used  when  no  other  tool  is  operating  on  the 
work  at  the  same  time,  and  also  where  there  is  an  absence  of  objec- 
tionable chips.     Thread-roll  holders  which  are  held  on  the  cross-slide 


F\g,  27.    Swtuff  Bolder  tor  Boldtnir  a  Thread  RoU 

can  only  be  used  when  the  work  is  cut  off  directly  after  the  thread  is 
rolled,  and  for  this  reason  they  should  be  held  on  the  same  slide  as  the 
cut-off  tool.  If  the  roll  is  brought  back  over  the  work,  it  produces  a 
poor  thread. 

When  it  is  necessary  to  bring  In  the  cut-off  or  form  tool  more  than 
once  for  the  same  piece,  a  cross-slide  holder  should  not  be  used.    Of 


Flff.  28.    Another  Bwinir  RoU-holder 

course  it  would  be  possible  to  design  a  holder  in  which  the  roll  would 
be  held  in  a  member  free  to  oscillate,  and  held  in  position  by  a  spring. 
This  type  of  holder  would  be  objectionable,  however,  owing  to  the  fact 
that  chips  would  get  in  between  the  movable  member  and  the  body,  and 
prevent  the  part  holding  the  roll  from  coming  back  into  the  same 
place  each  time,  thus  causing  an  endless  amount  of  trouble. 
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When  the  work  Is  of  such  a  shape  as  to  necessitate  bringing  in  the 
form  and  cut-off  tools  more  than  once  for  the  same  piece,  a  swing 
holder  should  be  used.  Two  holders  of  this  type  are  shown  in  Figs. 
27  and  28.  These  holders  are  made  on  the  same  principle  as  the 
ordinary  swing  tool,  with  the  exception  of  the  change  in  the  swinging 
member  to  hold  the  roll.  A  hole  is  drilled  in  the  shank  of  the  holder 
and  a  set-screw  provided  for  holding  a  support. 

A  thread-roH  holder  which  is  held  on  the  cross-slide  and  holds  a  roll 
for  threading  the  beveled  piece  shown  at  O  in  Fig.  24,  is  shown  in 
Fig.  29.     This  holder  is  held  to  the  toolpost  in  a  manner  similar  to 


Flff.  29.    Orofls-allde  Holder  for  applying  a  Thread  RoU  to  a  Beveled  Piece 

that  of  the  holders  previously  described,  but  the  roll  in  this  case  is 
held  at  an  angle  on  the  stud  A. 

Rise  on  Cam  when  usinff  Cross- slide  Boll-holder 

In  thread  rolling,  the  roll  is  first  brought  against  the  work,  then 
fed  at  a  certain  feed  per  revolution  until  the  center  of  the  roll  is  in 
line  with  the  center  of  the  work,  and.  finally  removed  from  the  work 
on  the  quick  rise  of  the  cam.  As  the  roll  is  removed  from  the  work, 
the  cutoff  tool  is  brought  into  position.  The  rise  on  the  cross-slide  cam 
for  thread  rolling,  when  using  a  holder  held  to  the  toolpost,  can  be 
found  by  the  aid  of  the  following  formulas  derived  from  the  diagram 
Fig.  30.  This  shows  the  outside  circumference  of  the  thread  roll 
touching  the  circumference  of  the  blank,  and  a  horizontal  line  is  drawn 
tangent  to  the  root  diameter  of  the  finished  screw. 
Let  D  =  diameter  of  blank, 

(f,  =.  theoretical  root  diameter  of  screw, 
R  z=z  blank  radius, 

R^  =  largest  or  outside  radius  of  thread  roll, 
d  =  difference  between  radius  of  blank  and  radius  of  root  of 
thread. 
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(11) 
(12) 
(13) 


C=V  A»  — B* 

For  example*  let  it  be  required  to  find  the  rise  on  the  cross-slide  cam 
for  threading  the  piece  shown  at  A  in  Fig.  23.  Substituting  the  known 
values  of  the  diameter  of  the  roll  and  the  diameter  of  the  blank  in  the 
above  formulas,  we  have: 

A  =  0.1985  +  0.407  =  0.6055  inch. 

B  =z  0.1985  +  0.407  —  0.0218  =  0.5837  inch. 

C  =  x/ ( 0.6055 )«— (0.5837 )■  =  s/'OM^U  =  0.162  inch. 

Then  the  rise  i?,  on  the  cam  (see  Fig.  23)  equals  C  (Fig.  30)  plus 
from  0.010  to  0.015  inch,  depending  on  the  diameter  of  the  roll  and  work. 


FULCRUM  OF  THRCAO 


dUTWOt  OlAMmil 
\  OF  THACAO  ROLL 


*  itaohin€ry,N,r. 


V\g.  80.  Dteffram  iis«d  la  Ottloulftttn^ 
the  Rl«a  on  the  Cam  Ibr  Thread  RoUm^ 
when  a  Oro8»>aUde  Holder  la  used 


Flir>  81.  Diagram  need  In  TfaidJnff 
Blee  on  Oroee«allde  Cam  when  uelnir 
RolUholder  of  the  Bwln^  Tjrpe 


This  calculation  is  for  rolling  a  U.  S.  standard  thread,  but  the  same 
method  can  be  used  for  rolling  any  other  shape,  substituting,  of  course, 
the  correct  values. 

Total  Rise  on  Cross-slide  Cam 

As  the  work  is  cut  off  with  the  same  cam,  it  is  necessary  to  find  the 
total  rise  on  the  cam  for  thread  rolling  and  cutting  off  the  piece; 
this  can  be  found  by  the  following  formulas,  which  are  derived  from  the 
diagram  Fig.  32.  Here  the  thread  roll  is  shown  touching  the  circum- 
ference of  the  blank,  and  the  circular  cut-off  tool  and  thread-roll  holder 
are  shown  in  their  relative  positions. 
Let  r  =  total  rise  on  cam  (see  Fig.  23), 

C  =  distance  from  center  of  roll  to  center  of  work, 
ie,=:  actual  rise  required  to  roll  thread,  which  equals  C  -f  from 
0.010  to  0.015  inch, 
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R  =  radius  of  theoretical  root  of  thread  on  piece,                     ^ 
ri  =  radius  of  work  turned  down  with  circular  form  tool,  or 

(see  Fig.  21).  2 

L  =  distance  of  bevel  on  cut-off  tool  (see  Fig.  23), 
r,  =  actual  rise  on  cam  to  cut  off  piece,  which  equals  n  +  L  -+ 

0.010  inch  (to  approach)  +  0.005  inch  (to  pass  center), 
i2,  =  outside  radius  of  thread  roll, 
/?^=  largest  radius  of  circular  cut-off  tool, 
i?,  =  radius  of  thread-roll  holder, 
c  =  distance  that  cut-off  tool  is  cut  below  center. 


THREAD  ROLL-  HOLDER  ^ 

/ 


THREAD  ROLL 


TOOLPOST 


CIRCULAR  CUT-< 


BLoaC''^ 


Maohtnery.N.T. 


Flff.  82.    Dtagnun  used  In  Flndinff  the  Total  Rise  on  the  Cam  for 
Thread  RoUlnff  and  Cuttlnff-off 

E  =  distance  from  center  of  circular  tool  to  edge,  when  tool  is 

cut  down  below  center, 
F  =  distance  from  center  of  cut-off  to  center  of  roll,  when  it  is 
touching  piece  as  shown. 
Then  if 

X  =  R  •¥  Ri  -  c 


-F  =  1/  i2.«  -  X* 

Now  the  difference  between  the  dimensions  E  and  F,  or  the  distance 
2),  always  remains  constant,  so  that  it  is  only  necessary  now  to  find 
the  actual  distances  or  rises  required  on  the  cam  for  thread  rolling, 
approaching  the  work  with  the  cut-off  tool,  and  cutting  the  piece  from 
the  bar. 

The  rise  r,  required  to  bring  the  cut-off  tool  up  into  position,  after 
thread   rolling,   to   cut   off  the   piece  =  D   —  n   4-    0.010. 

The  total  rise  T  on  the  cam  equals  -R»  -f  r,  4-  r,. 
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Blse  on  Oro88-8llde  Cam  when  usln^  Swinff  Boll-bolder 
When  using  a  roll-holder  of  the  type  shown  in  Pigs.  27  and  28,  the 
rise  on  the  cam  can  he  found  hy  the  following  formula  derived  from 
the  diagram  Fig.  31,  where  the  thread  roll  is  shown  in  two  positions — 
before  and  after  rolling  the  thread.  The  distance  d,  which  in  this  case 
is  taken  to  be  0.020  inch,  represents  the  distance  between  the  radius  of 
the  blank  and  the  theoretical  root  diameter  of  the  thread  of  the  piece 
to  be  rolled.  To  this  dimension,  from  0.010  to  0.015  inch  is  added  for 
the  roll  to  approach  the  work.    Let  d,  =  d  -f  from  C.OIO  to  0.015  inch. 

Then, 

di  X  n 
R,  = (16) 

r 

For  example,  let  d,  =  0.030  inch,  r  =  1%  inch,  and  n  =  2%  inches. 

Then. 

0.030  X  2% 

Rt  = =  0.060  inch. 

1% 
There  is  another  method  of  holding  the  thread  roll  when  applying  it 
to  the  work  which  has  not  been  mentioned.  This  consists  in  holding 
the  roll  in  a  holder  fastened  to  the  cross-slide,  but  instead  of  passing 
the  roll  over  or  under  the  work,  it  is  presented  radially  to  the  work. 
The  rise  on  the  cross-slide  would  then  be  d  -f  from  0.010  to  0.015  Inch 
(see  Fig.  81). 

Speeds  and  Feeds  for  Thread  Boiling 

When  the  thread  roll  is  made  from  high-carbon  steel  and  used  on 
brass,  a  surface  speed  as  high  as  200  feet  per  minute  can  be  used. 
Better  results,  however,  are  obtained  by  using  a  lower  speed  than  this. 
When  the  roll  is  held  in  a  holder  attached  to  the  cross-slide,  and  is 
presented  either  tangent ially  or  radially  to  the  work,  it  can  be  fed  at  a 
considerably  higher  speed  than  if  it  is  held  in  a  swing  tool.  This  is 
due  to  the  lack  of  rigidity  in  a  holder  of  the  swing  type.  Table  XII 
gives  the  feeds  to  be  used  when  a  cross-slide  roll-holder  is  used; 
and  Table  XIII  gives  the  feeds  to  be  used  for  thread  rolling  with  swing 
tools. 

The  feeds  given  in  Tables  XII  and  XIII  are  applicable  for  rolling 
threads  without  a  support  when  the  root  diameter  of  the  blank  is 
not  less  than  Ave  times  the  double  depth  of  the  thread.  When  the  root 
diameter  is  less  than  this  amount,  a  support  should  be  used.  A  support 
should  also  be  used  when  the  width  of  the  roll  is  more  than  two-and- 
one-half  times  the  smallest  diameter  of  the  piece  to  be  rolled,  irre- 
spective of  the  pitch  of  the  thread.  When  the  smallest  diameter  of 
the  piece  to  be  rolled  is  much  less  than  the  root  diameter,  the  smallest 
diameter  should  be  taken  as  the  deciding  factor  for  the  feed  to  be  used. 
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CHAPTER  I 


OROSS-SLIDB  KNURIilNQ  OPERATIONS 

In  designing  a  set  of  came  for  knurling  operations  on  the  Brown  ft 
Sharpe  automatic  sorew  machines,  it  is  deeirable  that  as  little  experi- 
mental work  as  possible  be  required. .  The  following  formulas  and  data 
will  prove  otf  value  in  this  connection.  Before  presenting  these  data 
and  formulas,  however,  the  different  tools  and  appliances  necessary  for 
knurling  will  be  briefly  reviewed. 

A  very  soMd  and  rigid  rear  cross-slide  knurl-holder  is  siiown  In  Fig. 
1.  It  is  held  by  means  of  the  cap-screw  B  on  the  outside  face  A  of  the 
cross-slide  tool-holder.  This  screw  also  holds  the  circular  cut-off  tool  in 
position.    The  holder  allows  the  knurl  to  pass  over  the  work,  and  re- 


Fiff.  1.    Be«r  Orosa-allde  BLnurl-holder 


turns  it  after  the  piece  has  been  cut  off.  It  is  simple  and  cheap,  and 
covers  a  wide  range  of  work,  as  the  distance  C  to  the  circular  cut-off 
tool  can  be  changed  so  that  the  work  will  be  cut  off  closer  or  further 
away  from  the  knurl,  as  desired.  The  set-screw  D  rigidly  supports  the 
knurl-holder,  and  also  provides  means  for  adjusting.  The  oil  hole  E 
permits  a  good  supply  of  oil  to  reach  the  knurl  for  removing  all  chips. 
This  holder,  however,  can  be  used  only  on  the  tool-holder  which  carries 
the  cut-off  tool,  because  the  finished  piece  must  be  severed  from  the 
bar  before  the  knurJ  can  return. 

Universal  Cross- slide  Kn\irl-holder 
The  knurl-holder  shown  in  Fig.  1  Is  limited  in  its  range,  but  the  one 
shown  in  Fig.  2,  while  more  expensive  and  complicated,  is  also  more 
efficient  and  universal.  This  holder  eliminates  the  cross-slide  tool-post, 
and  carries  the  circular  cut-off  tool  A  In  the  same  way  as  it  would  be 
held  in  the  ordinary  tool-post.  It  can  also  be  used  in  conjunction  with 
either  circular  form  or  cut-off  tools  on  the  front  cross-slide.    The  knurl 
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can  operate  at  any  desired  position  on  the  woo-k  by  moving  the  arm  C 
along  the  bar  D  and  then  clamping  it  by  means  of  the  cap  screw  E, 
The  holder  F  which  carries  the  knurl  can  be  moved  in  or  out  to  any 
position  to  suit  the  different  diameters  of  stock  being  knurled,  and  is 
adjusted  by  means  of  adjusting  nuts  H  and  J.  The  nut  Q  Is  adjusted 
to  insure  a  good  working  fit  of  the  holder,  and  also  prevents  side  move- 
ments. When  the  knurl  passes  over  the  stock  the  nut  H  is  brought  up 
against  the  face  B  of  the  arm  C,  and  also  puts  a  tension  on  spring  K, 
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Fiffs.  2  and  8.    Unlyersal  Oroa»«Ude  BLnurl-holdor 

SO  that  when  the  knurl  has  passed  over  the  work  and  the  pressure  on 
the  spring  is  released,  the  spring  forces  the  nut  J  up  against  the  face 
L  and  permits  the  knurl  to  clear  the  work  when  passing  back  over  the 
stock.  The  nuts  M  permit  the  arm  C  to  be  raised  or  lowered  for  dif- 
ferent diameters  of  stock.  The  washers  are  convex,  as  shown,  so  that 
the  arm  is  held  firmly  even  when  at  an  angle  to  the  face  of  the  nuts  M. 
Screws  0  tend  to  steady  the  holder. 

In  Fig.  3  the  knurl-holder  proper  is  shown  in  detail.  It  will  be  seen 
that  knurls  of  different  widths  may  be  used  by  making  the  distance  P 
to  suit. 
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Straisrlit  Kn\irl8 

Straight  knurls,  as  shown  In  Fig.  4,  are  generally  cut  in  the  milling 
machine  with  a  cutter  of  the  desired  angle.  The  greatest  difficulty  is 
met  wtth  in  selecting  a  suitable  angle  for  the  teeth  for  knurling  dif- 
ferent materials.  A  blunt  knurl  wiU  work  better  on  soft  materials 
than  one  ^th  a  more  acute  angle.  The  following  angles  are  satis- 
factory  for  the  mateilals  specified  below: 

Brass  and  hard  copper 90  degrees. 

Gun  screw  iron 80  degrees. 

Norway  iron  and  machine  steel 70  degrees. 

Drill  rod  and  tool  steel 60  degrees. 

When  laying  out  a  set  otf  cams  for  knurling  operations,  it  is  neces- 
sary to  know  the  depth  of  the  tooth  in  the  knurl. 


Flir.  4.    Btrftiffht  Knurl 

If  d  =  depth  of  tooth  in  knurl, 
p=:  circular  pitch  of  knurl, 

p  =  "pitch  of  knurl"  =  number  of  teeth  in  one  inch  of  the  clr- 
1 
cumference  =  — , 
P 
a  =  included  tooth  angle  of  knurl, 

then,  for  all  practical  purposes,  the  depth  may  be  calculated  as  follows: 

When 

P 
a  =  90  degrees,  <f  =  — , 
2 

P 
a  ==  80  degrees,  d  =  —  x  tan  50  degrees, 
2 

P 
a  =  70  degrees,  d  =  —  X  tan  55  degrees, 
2 

P 
a  =  60  degrees,  d  =  —  X  tan  60  degrees. 
2 
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The  values  of  d  for  different  pitches  ranging  from  16  to  62  teeth  per 
inch  of  circumference  have  be^n  calculated  from  these  formulas  and 
are  given  in  Table  I. 

Concave  Kntirls 

The  designing  of  a  concave  knurl  which  will  work  satisfactorily  is, 
in  most  cases,  a  difficult  problem,  as  the  radius  of  the  knurl  cannot 
have  the  same  radius  as  the  piece  to  be  knurled.  It  will  be  seen  in 
Fig.  5  that  if  the  knurl  and  the  work  are  of  the  same  radius,  the  mate- 
rial compressed  by  the  knurl  will  be  forced  doiwn  on  the  shoulder  A 


TABLS 

I.    DBPTH  OF  TBBTH  IN 

KNXTBIiS 

P  ss  number  of  teeth  in  one  inch  of  circumference 

/  s  circular  pitch 

a  =3  included  angle  of  tooth 

a  =  depth  of  tooth 

a  =  90o 

a  =  80» 

a  =  TO* 

0  =  CO* 

p 

P 

d 

d 

d 

d 

16 

0.0626 

0.0812 

0.0871 

0.0445 

0.0540 

18 

0.0555 

0.0277 

0.0880 

0.0895 

0.0480 

20 

0.0500 

0.0250 

0.0297 

0.0857 

0.0488 

22 

0.0454 

0.0227 

0.0260 

0.0824 

0.0898 

24 

0.0416 

0.0208 

0.0247 

0.0207 

0.0860 

26 

0.0384 

0.0192 

0.0228 

0.0274 

0.0882 

28 

0.0357 

0.0178 

0.0212 

0.0254 

0.0808 

80 

0.0888 

0.0166 

0.0199 

0.0287 

0.0287 

82 

0.0812 

0.0156 

0.0185 

0.0222 

0.0270 

84 

0.0294 

0.0147 

0.0175 

0.0209 

0.0254 

86 

0.0277 

0.0188 

0.0164 

0.0197 

0.0289 

88 

0.0268 

0.0181 

0.0166 

0.0187 

0.0226 

40 

0.0250 

0.0125 

0.0148 

0.0178 

0.0216 

42 

0.0288 

0.0119 

0.0142 

0.0169 

0.0206 

44 

0.0227 

0.0118 

0.0184 

0.0161 

0.0195 

46 

0.0217 

0.0108 

0.0128 

0.0154 

0.0187 

48 

0.0208 

0.0104 

0.0124 

0.0148 

0.0180 

50 

0.0200 

0.0100 

0.0119 

0.0142 

0.0178 

52 

0.0192 

0.0096 

0  0114 

0.0187 

0.0166 

54 

0.0185 

0.0092 

0.0109 

0.0181 

0.0159 

56 

0.0178 

0.0089 

0.0106 

0.0127 

0.0154 

68 

0.0172 

0.0086 

0.0102 

0.0122 

0.0148 

60 

0.0166 

0.0088 

0.0099 

0.0118 

0.0148 

62 

0.0161 

0.0080 

0.0096 

0.0114 

0.0188 

and  will  consequently  make  a  poor  looking  job.  The  writer,  having 
met  with  this  difficulty,  devised  an  empirical  formula  which  gives 
satisfactory  results. 

A  design  of  a  concave  knurl  is  shown  in  Fig.  6,  and  all  the  important 
dimensions  are  designated  by  letters.  To  find  these  dimensions,  the 
pitch  of  the  knurl  required  must  be  known,  and  also,  approximately, 
the  throaf  diameter  B.  This  diameter,  of  course,  must  suit  the  knurl 
holder  used,  and  be  such  that  the  circumference  contains  an  even 
number  of  teeth  with  the  required  pitch.  When  these  dimensions  have 
been  decided  upon  all  the  other  unknown  factors  can  be  found  from 
the  formulas  given  in  the  following. 
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Let  R  =  radius  of  piece  to  be  knurled, 
r  =  radius  of  concave  part  of  knurl, 

C  =  radius  of  cutter  or  hob  for  cutting  the  teeth  in  the  knurl, 
B  =  diameter  over  concave  part  of  knurl  (throat  diameter), 
A  =  outside  diameter  of  knurl, 
d  =  depth  of  tooth  In  knurl, 

P  =  pitch  of  knurl  (number  of  teeth  per  inch  circumference), 
p  =  circular  pitch  of  knurl. 


THIS  DtWEWSIO**  WILi'', 
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B  WILL  ■Tftr<f  ON  A, 
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Flff,  A 


CAftflit*  STOCK  DOWN 
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Ftff.  O 


:.^:-J 
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Flffs.  6  and  O.    OonoAve  Blnorla 

Then,  r  =  i?  4-  %  d, 
C=±r4-(f, 

A  =  B-f2r  — 3  (f  4-0.010  inch. 
As  the  depth  of  the  tooth  is  very  slight,  th«e  outside  -circunajference 
will  be  accurate  enough  for  all  practical  purposes  for  calculating  the 
pitch,  and  It  is  not  necessary  to  take  Into  consideration  the  pitch  circle 
as  is  done  when  calculating  gears. 

J57j:ompZe;— Assume  that  the  pitch  of  a  knurl  is  32,  that  the  throat 
diameter  B  is  0.5561  inch,  that  the  radius  R  of  the  piece  to  be  knurled 
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is  1/16  inch,  and  that  the  angle  of  the  teeth  is  90  degrees;   find  the 
dimensions  required  for  making  the  knurl. 
Using  the  same  notation  as  above,  we  have: 

1    1 
p  =  —  =  —  =  0.03125  inch, 

P      32 
d  =  0.0156  inch  (see  Table  I), 

1   0.0156 
r  = 1 =  0.0703  inch, 

16     2 
C  =  0.0703  4- 0.0156  =  0.0859  inch, 
A  =  0.5561  -f  0.1406  —  0.0468  —  0.010  =  0.6399  inch. 
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Fiflr.  7.    Outtlnff  a  Concave  BInarl  by  a  Hob  In  the  Mining-  Machine 

Straight  concave  knurls,  when  very  small,  are  generally  made  with  a 
master  convex  knurl.  When  the  knurls  are  large  enough,  a  milling 
cutter  with  the  proper  radius  is  used  for  cutting  the  teeth.  As  it  Is 
very  difficult  to  make  a  concave  knurl  when  the  radius  is  very  small, 
and  as  the  knurl  in  most  cases  is  not  required  to  be  absolutely  straight, 
the  method  described  in  the  following  for  spiral  knurls  can  be  used 
for  making  straight  concave  knurls  on  the  milling  machine  with  teeth 
in  planes  practically  parallel  with  the  axis  of  the  knurl. 

Spiral  Concave  Knurls 

It  is,  in  general,  very  difficult  to  cut  spiral  concave  knurls,  especially 
when  the  radius  of  the  knurl  is  very  small.  In  Fig.  7  is  shown  a 
method  which  has  worked  very  satisfactorily,  and  which  is  also  easily 
aocompHshed.  A  hob  as  shown  in  Fig.  8  is  used,  the  included  angle 
of  the  threads  of  which  is  made  to  suit  the  material  to  be  knurled. 
The  hob  is  fluted  similarly  to  a  master  tap,  except  that  the  flutes  are 
not  as  deep  and  a  greater  number  of  flutes  is  used.  The  lead  of  the 
hob  governs  the  angle  of  the  spiral  on  the  knurl,  and  the  angle  formed 
by  cutting  hobs  with  different  leads  can  be  derived,  approximately,  by 
means  of  the  following  formula: 
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Let  o  =  angle  required, 

B  =  one-half  the  lead  of  the  thread  of  the  hob, 
D  =  diameter  of  the  bob. 

B 

Then  =  tan  a. 

1.5  D 

Example: — If  a  hob  has  a  double  thread,  the  lead  of  which  is  Vh 
inch,  and  the  diameter  of  the  hob  is  Vi  inch,  find  the  angle  a. 

B  =  %  of  the  lead  =  1/16,  and,  therefore,  tan  a  =  1/16  -r-  %  = 
0.1667;  o  =  9%  degrees. 

Cutting  a  Spiral  Concave  Knurl  in  the  Milling  Machine 

It  will  be  seen  from  Fig.  7  that  when  cutting  a  concave  knurl  In  the 
milling  machine,  the  knurl  is  held  on  an  arbor  shown  in  detail  in  Fig. 
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Flff.  8.    Hob  used  for  Outtinff  Concave  Knurls  in  the  MlHlns'  Ifsohine 
Flir.  O.    Arbor  for  Outtlnff  Oonosve  Knurls  In  the  MiUlnff  Mschlne 

9.  This  arbor  rotates  freely  on  the  centers  C,  the  knurl  being  he!d 
tightly  against  the  shoulder  on  the  arbor  by  the  nut  shown.  When  the 
knurl  has  been  tightened,  the  arbor  is  put  between  the  centers  and  the 
table  of  the  milling  machine  is  raised  so  that  the  hob  comes  in  contact 
with  the  knurl.  The  machine  runs  slowly  at  the  start  so  that  the 
hob  will  not  be  forced,  but  will  space  the  teeth  equally.  The  speed 
can  be  increased  after  the  hob  has  started  to  cut  properly.  The  hob  is 
held  in  a  chuck  provided  with  a  shank  fitting  the  socket  in  the  milling 
machine  spindle.  The  work  should  be  fed  slowly  at  first,  and  care 
should  be  taken  that  the  arbor  rotates  freely  on  the  centers,  as  other- 
wise the  knurl  will  not  follow  the  lead  of  the  hob  properly,  and  a  well- 
shaped  tooth  will  not  be  produced.  Care  should  also  be  taken  to  have 
the  diameter  of  the  concave  knurl  the  correct  size  so  that  it  will  con- 
tain an  even  number  of  teeth,  as  required  by  the  circular  pitch.  When 
the  knurl  has  been  cut,  the  corners  should  be  removed  as  shown  in  Fig. 
6;  then  no  ragged  edges  are  left  on  the  work,  as  is  the  case  if  the 
comers  are  not  removed.  The  table  of  the  milling  machine  should  not 
be  set  over  when  cutting  knurls  in  this  manner,  but  should  be  left 
straight. 
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DesisrninsT  and  Cuttlnsr  Diamond  Knurls 
The  general  methods  of  using  diamond  knurls  are  as  follows: 

1.  When  a  kniirl-holder,  as  shown  In  Fig.  10,  can  be  used,  a  pair  of 
spiral  knurls  are  used,  one  right-  and  one  left-hand. 

2.  When  a  cross-slide  knurl-holder,  as  shown  in  Fig.  1,  is  used,  only 
one  knurl  can  be  used,  being  cut  both  right-  and  left-hand.  A  knurl 
cut  in  this  manner  would  produce  a  female  knurl  on  the  work;  so  if 
a  male  knurl  is  required  on  the  work,  the  first  knurl  is  used  as  a  master 
knurl  in  cutting  the  second  knurl  which  will  produce  a  male  knurl  on 
the  work. 


Flff.  10.    Turret  Knurl-bolder  for  Brown  &  Sharpe  Automatic 
Screw  Machinea 

When  only  the  pitch  of  the  knurl  required  and  the  angle  at  which 
the  teeth  are  cut,  as  indicated  in  Fig.  11,  are  known,  then  the  number 
of  teeth  in  the  knurl  must  be  found  and  also  the  spiral  lead,  as  this 
governs  the  selection  of  the  change  gears  used  when  cutting  the  knurl. 

To  Find  the  Nximber  of  Teeth  on  the  Clroumference 
of  the  Kniirl 

When  the  knurl  is  to  form  diamond  shapes,  as  shown  in  Fig.  11,  and 
the  included  angle  is  60  degrees,  the  number  of  teeth  can  be  found  in 
the  following  manner.  Let  22  be  the  normal  pitch  of  the  knurl.  Then 
the  circular  pitch  will  be  0.0455  inch  -i-  cos  30  degrees  =  0.0525  inch, 
and  the  outside  circumference  divided  by  0.0525  inch  will  be  the  number 
of  teeth  of  the  knurl. 

To  Find  the  Lead  of  the  Spiral 
To  find  the  lead  of  a  spiral  of  the  knurl  mentioned  multiply  the 
circumference  of  the  knurl  by  the  cotangent  of  30  degrees.     Assume 
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that  the  knurl  is  0.752   inch  in  diameter.     Then  the  circumference 
equals  0.752  X  3.1416  =  2.3625  inches.    The  knurl  has  a  circular  pitch    ^ 
of  0.0525  inch,  and  the  number  of  teeth  therefore  equals  2.3625  -j-  0.0525     \ 
=  45  teeth.    The  lead  equals  2.3625  X  cot  30  degrees  =  4.09  inches. 


Speeds  and  Feeds  for  Knurlinsr 


When  the  knurl  has  been  designed,  the  next  thing  to  consider,  before 
laying  out  the  cams,  is  the  speed  and  feed  for  knurling.  This  is  a 
subject  upon  which  very  little  has  ever  been  published.  As  a  general 
rule,  a  knurl  can  be  worked  at  the  same  speed  as  the  circular  form 
and  cut-off  tools.  It  is  good  practice  to  feed  the  knurl  gradually  to 
the  center  of  the  work,  starting  to  feed  where  the  knurl  touches  the 


.V 


Flff.  1 1 .    Dlaffimm  for  FlxMUnff  01roul*r  Pitch  »nd  Lead  of  8plr»l  Knurla 
Fig.  12.    Dlagnan  for  0»loul*tlozui  B«l*tlnff  to  the  Faada  of  Knur  la 

work  as  is  shown  by  the  distance  c  in  Fig.  12,  and  then  to  pass  off  the 
center  of  the  work  with  a  quick  rise  on  the  cam.  The  knurl  should 
also  dwell  for  a  certain  number  of  revolutions,  depending  on  its  pitch, 
and  the  nature  of  the  material  being  worked  upon.  Some  advocate  the 
knurl  being  brought  into  position  on  the  center  of  the  work  on  the 
quick  rise  of  the  cam,  and  then  being  allowed  to  dwell  for  a  certain 
number  of  revolutions;  but  the  writer  has  found  that  this  does  not 
work  satisfactorily,  and  cannot  be  depended  upon.  It  might  work 
when  using  a  knurl  which  has  a  very  fine  pitch,  on  large  stock,  but 
under  general  conditions  it  will  be  found  that  gradually  feeding  the 
knurl  to  the  center  of  the  work  will  work  better. 

The  feed  required  for  a  knurl  is  governed  by  the  nature  of  the  mate- 
rial being  knurled,  the  diameter  of  the  material,  and  the  width  and 
pitch  of  the  knurl. 

The  surest  and  most  practical  way  to  find  the  feed  required  for  a 
knurl  on  a  certain  kind  of  material  is  by  experimenting.  The  writer 
has  collected  the  results  of  different  experiments  and  compiled  them  in 
Table   II.     This   table   covers   practically   all    the   different   materials 
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specified  in  this  article,  as  the  angle  of  the  teeth  in  the  knurls  varies  in 
accordance  with  the  hardness  of  the  material  on  which  the  knurl  is 
used.  In  that  case  the  feeds  given  In  the  table  will  be  practically  the 
same  for  all  the  materials  previously  specified.  These  feeds  are  only 
applicable  when  knurling  from  the  cross-slide. 


TABIiB 

[I.    FBBDS  FOB 

KNURUNO 

Diam. 

of 
Stock, 
Inches 

Width  of  Knurl,  Inches                                       1 

A 

i 

A 

i 

A    i    i 

^\ 

. 

Feed  per  Revolution,  Inches                                   1 

\ 

i 

0.0010 
0.0014 
0.0018 
0.0022 
0.0026 
0.0080 
0.0084 
0.0089 
0.0042 
0.0046 
0.0050 
0.0054 
0.0059 
0.0062 
0.0068 
0.0070 

0.0005 
0.0009 
0.0012 
0.0016 
0.0020 
0.0025 
0.0029 
0.0082 
0.0086 
0.0040 
0.0045 
0.0049 
0.0052 
0.0058 
0.0062 
0.0065 

0.0005 
0.0010 
0.0014 
0.0018 
0.0022 
0.0026 
0.0080 
0.0084 
0.0038 
0.0042 
0.0048 
0.0052 
0.0055 
0.0058 
0.0060 

0.0005 
0.0010 
0.0018 
0.0017 
0.0021 
0.0025 
0.0029 
0.0088 
0.0087 
0.0041 
0.0045 
0.0049 
0.0052 
0.0055 

0.0005 
0.0010 
0.0015 
0.0018 
0.0022 
0.0028 
0.0081 
0.0084 
0.0088 
0.0042 
0.0045 
0.0048 
0.0050 

0.0005 

0.0010  0.0< (05 
0.0015  0,O0ll> 
0.0020  O.uifM 
0.0024  0  J  JOl  7 
0.0O28OJHI20 
0.0031  0JK^23 
0.0084  0,0026 
0.0037  0.0029 
0.0040  0,00;18 
0.0(^43  0.00:iT 
0.0045  0.0n4n 

[\  \mM 
U.U012 
0.001  a 

0.0030 
0,0028 
0.tKJ26 
O.U029 
n.  11083 
OjMKiS 

Under  these  conditions  the  depth  of  the  tooth  and  the  feed  per  revo- 
lution will  govern  the  number  of  revolutions  required  to  knurl.  If  in 
Fig.  12,  R  is  the  radius  of  the  stock,  d  is  the  depth  of  the  tooth,  c  is 
the  distance  the  knurl  travels  at  a  given  feed  per  revolution,  and  h 
^uals  R  —  d,  then  c  =  1    /f-^^(ie— "d)». 


32  PITCH  MALE  DIAMOND  KNURL. 
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PIECE  TO  BE  MADE 


I 


0.194  X  36  P. 
M.E.8T0. 


MacMnery^.T. 


Fiff.  18.    Thomb-sorew  to  be  Knurled 

Let  R  =  0.125  inch  and  d  =  0.0164  inch;    then  h  =  0.1086  incli. 
Therefore  c==|/Tr25^"^^07l086^=  0.062  inch  =  rise  required. 

Bevolutions  Required  to  Knurl 
Assume  that  it  is  required  to  find  the  number  of  revolutions  to  kynurl 
a  piece  of  gun  screw  iron,  ^  inch  in  diameter,  with  a  knurl  %  Slnch 
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Total  Rise  on  Cam 
It  is  required  to  find  the  total  rise  on  the  cam  to  complete  the  knurl- 
ing, and  also  to  cut  the  finished  piece  from  the  bar.  The  total  rise  can 
be  found  by  means  of  the  following  formulas,  derived  by  the  aid  of  the 
<liagrram  In  Fig.  15.  This  shows  the  knurl  in  position  on  the  center  of 
the  work,  and  the  circular  cut-off  tool  is  also  shown  in  its  relative  posi- 
tion to  the  work  and  the  knurl. 


FUr.  14.    Oiroular  Forming  »nd  Out-off  Tools  for  Making  Tbmnb  eorew 
shown  In  Flff.  18 

Let  r  =  total  rise  on  the  cam, 
y  =  rise  required  to  knurl, 
B  =  radius  of  stock  to  be  cut  off, 

A  =  distance  of  bevel  on  cut-off  tool  as  given  in  Table  III, 
<7  =  total  rise  required  to  cut-off  =  8  +  0.010  Inch  (to  approach)  + 
0.005  inch  (to  pass  center  of  stock)  -f  A, 
^= distance  from  center  of  circular  tool  to  edge  as  shown,  when 

tool  is  cut  down  below  the  center, 
o  =  radius  of  knurl  to  outside  diameter, 
h  =  radius  of  stock  minus  depth  of  tooth  in  knurl, 
c  =  distance  from  cutting  face  to  center  of  circular  tool, 
^  =  0  4-  5  -f  c, 

X  =  distance  from  center  of  cut-off  tool  to  center  of  knurl,  when 
It  is  In  position  on  the  center  of  the  stock. 
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i2  =  radius  of  stock, 
r  =  radius  of  knurl, 
iJi  =  radius  of  cut-off  tool, 
/?,  =  radius  of  knurl  holder  shown  in  Fig.  1, 
F=  distance  between  the  knurling  and  cut-off  operations.    Then 
E  =  |/.R|«-C^  X=  yj  R^*  -  h*; 
Nz=  \/  B?-  (R-dy  (See  Fig.  12). 

For  example,  let  it  be  required  to  design  a  set  of  cams  to  make  the 
thumb-screw  shown  In  Fig.  13,  the  material  being  %-inch  round  brass 
rod,  and  on  which  ds  cut  a  32-pitch  knurl.  For  the  knurling  operation 
we  will  use  a  cross-slide  knurl-holder,  as  shown  in  Fig.  1.    R  is  0.1875 


-A.V- 


ON  CENTER  OF  WORK-kj/''       ~X 


KNURL  IN  POStnOHf 


aRCUlAfI 

curr-ofT  TOOL 


Ma£MneFf,H.T. 


FI9.  16.    Dlairram  for  Plndlnff  Total  Rise  of  Omxa  for  Blnurllnff  Operation 

inch,  r  is  0.375  inch,  R^  is  1.125  inch,  R^  is  1.625  inch;  d  Is  0.0156  inch, 
angle  on  cut-off  tool  is  23  degrees,  and  the  width  of  the  cut-off  tool  is 
0.060  inch;  then,  referring  to  Table  III,  A  is  0.0254  inch.  The  cut  down 
below  the  center  on  the  circular  tool  c  id  5/32  inch.  Then,  a  =  0.375; 
h  =  0.1875  —  0.0156  =  0.1719;  c  =    0.1562;  h  =  0.7031. 


E  =  1/(1.125^  —  0.1662')  =  1.114, 

X  =  ]/  ( 1.625' --0.703P)  =1.465, 

2Sr  =  1/ ■071875='— (0:i875  —  0.0l56)'  =  0.075, 

S  =  0.1562  inch,  which  is  the  raddus  of  the  shoulder  left  by  the  circu- 
lar form-tool, 

C=  0.1562  +  0.010  -f  0.005  +  0.0254  =  0.1966, 

F=  1.465  —  (0.1562  -f  1.114)  =  0.1948, 

r  =  0.075  -f  0.1948  +  0.1966  =  0.4664  inch,  which  is  the  total  rise 
required  on  the  cam,  for  the  knurling  and  the  cut-off  opera- 
tions. 

Having  determined  the  total  rise  required  on  the  cam,  we  will  con- 
sider briefly  the  other  operations.    The  order  of  the  various  operations 
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is  given  in  the  layout  chart  on  page  20,  and  the  position  and  type  of 
tools  used  in  the  turret  are  shown  in  Fig.  16.  As  all  the  various  opera- 
tions are  shown  plainly  on  the  chart  very  little  explanation  will  be  re- 
quired. 

Before  starting  to  design  the  cams,  the  drawings  of  the  tools  suitable 
for  performing  the  various  operations  are  collected,  using  standard 
tools  as  much  as  possible.  Then,  after  selecting  the  various  tools,  a 
lay-out  of  the  circular  form  and  cut-off  tools,  as  shown  at  Fig.  14,  is 
made.  After  having  drawn  the  circulair  tools,  and  also  laid  out  the 
turret  operations  as  shown  in  Fig.  16,  the  order  of  the  various  opera- 
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Vig.  16.    Arranffement  of ^  Tools  in  the  Turret 

tions  is  considered.  Referring  to  the  pdan  of  operations  shown  in  the 
chart,  the  work  proceeds  in  the  following  order:  Feed  stock  to  stop 
and  chuck,  revolve  turret,  and  rough  turn  with  the  hollow  mill  shown 
in  Fig.  16;  while  the  hollow  mill  is  turning  down  the  work,  the  circular 
form  tool  is  brought  in  and  forms  the  head;  the  form  tool  retreats  so 
that  it  will  clear  the  face  of  the  hollow  mill;  then  the  turret  is  re- 
volved and  the  finishing  box-tool  turns  down  the  portion  which  is  to 
be  threaded.  Now  the  turret  is  revolved  and  the  die-holder  is  brought 
into  position,  and  the  work  is  threaded.  By  referring  to  Fig.  20,  it  will 
be  seen  that  the  highest  portion  of  t^^e  lobe  for  the  die  is  cut  down 
equal  to  two  threads,  or  0.0554;  this  allows  the  die  holder  to  draw  out, 
and  the  spindle  reverses  on  the  tension  of  the  spring  (when  a  draw 
die-holder  is  used),  which  makes  the  die  work  easier,  and  does  not 
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crowd  it  on  the  work.  After  the  die  comes  off  the  work,  clearance  is 
allowed  between  the  knurling  tool  and  the  die  holder,  which  should  be 
ample  so  that  the  tools  will  not  come  in  contact  with  each  other.  Then 
the  knurl  travels  onto  the  work,  and  dwells  for  0.01  of  the  circum- 
ference (which  in  this  case  is  equal  to  4.2  revolutions  of  the  spindle), 
when  on  the  center  of  the  work.  It  4s  then  forced  off  the  work  by 
the  rise  shown  in  Fig.  20,  on  the  back  cam.  The  circular  form  tool 
is  now  brought  in  again  and  removes  the  burr  thrown  up  b^  the  knurl ; 
the  form  tool  is  cut  away  to  clear  the  knurl.  Finally,  the  back  cross- 
slide  travels  in,  and  the  circular  cut-off  tool  shown  in  Fig.  14  starts 
to  cut  off  the  piece,  but  while  the  piece  4s  being  cut  off,  the  pointing 
tool  shown  in  Fig.  16  is  brought  in  and  removes  the  burr  that  has  been 


Flff.  17.    Machine  set  up  and  retuly  for  Making  Thumb-nuta 

thrown  up  by  the  die  on  the  end  of  the  screw;  the  piece  is  then  sev- 
ered from  the  bar,  and  clearance  is  allowed  to  let  the  cut-off  tool  return 
before  the  stock  is  fed  out  again. 

Cutting'  the  Cams 

After  the  cam  blanks  have  been  laid  out,  they  are  roughed  out  by  drill- 
ing a  series  of  holes  about  1/8  inch  or  3/16  inch  away  from  the  finish- 
ing line  or  by  punching,  which  is  performed  on  an  ordinary  punch- 
press.  Then  the  cam  is  put  onto  a  circular  milling  attachment.  A 
vertical  milling  attachment  is  used  in  connection  with  the  circular 
attachment,  and  a  mill  of  the  required  diameter,  which  depends  on  the 
size  of  the  roll  on  the  automatic  screw  machine,  is  used  for  cutting 
the  cam.  The  circular  attachment  is  graduated  in  degrees  and  minutes, 
and  it  is,  therefore,  necessary  to  find  the  number  of  minutes  in  the 
number  of  hundredths  on  thp  'jbe  of  the  cam  to  be  milled. 

The  surface  of  the  cam  is  divided  into  one  hundred  equal  parts,  and 
since  there  are  360  degrees  in  a  circle,  one-hundredth  equaLs  3.6  de- 
fifrees,  or  3.6  x  60  =  216  minutes. 
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To  find  the  number  of  mdnutes  which  is  equal  to  0.001  inch  rise, 
divide  the  total  number  of  minutes  contained  in  the  lobe  by  the  total 
number  of  thnuaandths  rise.  When  cutting  the  cam,  the  platen  of  the 
milling  machine  is  moved  till  the  cutter  comes  in  contact  with  the 
edge  or  face  of  the  cam;  then  the  cutter  is  fed  in  0.001  inch,  and  the 
circular  attachment  is  turned  the  required  number  of  minutes,  which 
is  equal  to  0.001  inch  rise.  The  milling  operation  is  continued  in  this 
way  until' the  lobe  is  completed.    Milling  the  cam  in  this  manner  leaves 


M  1  M  • 

INK 

IM  (1 

Hilt 

Lrr.        1 — ^ .^„ L__ 

Fiff.  18.    A  OoUeotion  of  Knnrls  of  Different  Tsrpea 

a  series  of  Uttle  steps,  or  rises,  which  can  be  removed  with  a  file,  and 
in  this  way  a  true  surface  is  otxtained. 

In  the  half  tone.  Fig.  17,  are  shown,  in  position,  the  tools  used  in  making 
a  knurled  thumb  nut.  The  cross-slide  knurling  tool  illustrated  in  Pig. 
1  is  shown  at  B  in  .position  on  the  back  cross-slide.  In  Fig  18  is  shown 
a  variety  of  knurls;  at  B  is  shown  a  concave  knurl  made  by  the  method 
illustrated  in  Fig.  7,  and  at  C  is  shown  a  pair  of  knurls  which  will 
produce  a  diamond  knurl  as  shown  in  Fig.  11,  when  they  are  used  in 
the  knurl-holder  shown  in  Fig.  10. 
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TURRET  KNURLma  OPERATIONS 

The  previous  chapter  deals  particularly  with  croBfr«lide  knurling 
operations,  while  the  present  takes  up  knurling  from  the  turret, 
and  special  knurling  operations.  An  adjustable  knurl-holder  for 
turret  knurling  is  shown  in  Fig.  19.  This  holder  can  be  used 
for  either  spiral  or  straight  knurling,  as  the  knurl-holders  A  can  be 
Bwiveled  to  any  angle.  The  illustration  shows  the  holders  set  with 
the  zero  mark  opposite  30  degrees,  in  which  position  the  knurls  would 
produce  a  diamond  knurl,  as  shown  on  the  piece  A  in  Fig.  21.     The 


Flff.  18.   Brown  S$  8hArpe  AdjusUkble  Turret  Knurl-holdor 

knurl-holders  A  are  held  in  the  lugs  B  by  collar  nuts  0  which  are 
screwed  onto  the  threaded  shank  of  the  holders.  Lugs  B  are  graduated 
at  5-degree  intervals,  so  that  the  knurls  can  be  easily  set  to  the  desired 
angle.  These  lugs  project  into  the  body  of  the  holder  and  fit  in  beveled 
slots  cut  to  receive  them.  The  lugs  are  adjusted  in  and  out  by  means 
of  collar-head  screws  D,  only  one  of  which  is  shown  in  the  illustration. 
These  collar-head  screws  are  locked  by  means  of  small  brass  shoes, 
operated  on  by  the  headless  screws  E, 

This  knurl-holder  can  also  be  provided  with  bushings  which  fit  in 
the  hole  F  for  holding  centering  tools  or  other  internal  cutting  tools, 
80  that  other  operations  can  be  performed  at  the  same  time  as  the 
knurling  operation.  The  cutting  tools  are  held  in  position  in  the  bush' 
ing  by  means  of  the  set-screw  G.  The  chief  advantage  of  this  knurl- 
holder  is  that  straight  knurls  can  be  used  for  spiral  as  well  as  for 
straight  knurling.     This  is  an  important  feature,  as  straight  knurls 
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are  more  easily  and  quickly  cut  than  spiral  knurls,  and  also  produce 
better  results. 

Openingr  Knurl-holder 

The  range  of  the  knurl-holder  shown  in  Fig.  19  is  somewhat  limited* 
in  that  it  is  impossible  to  knurl  work  a  distance  away  from  the  end, 
when  the  diameter  to  be  knurled  is  smaller  than  or  of  the  same  size 
as  the  part  preceding  it.  For  this  class  of  work  it  is  necessary  to  bring 
the  knurl-holder  onto  the  work,  and  then  force  the  knurls  in  to  the 
depth  required  so  that  the  work  can  be  knurled  in  any  desired 
position  without  i>assing  over  the  whole  surface.  A  knurl-holder 
which  can  be  used  for  this  class  of  work  is  shown  in  Fig.  22.  This 
type  is  used  especially  for  work  similar  to  that  shown  at  B  and  C  in 


Flir.  21.    Samples  of  Knurled  Work 

Fig.  21,  where,  as  can  be  seen,  the  knurled  portions  a  are  practically 
in  the  center  of  the  work. 

The  knurl-holder  shown  in  Fig.  22  is  made  on  the  "swing"  principle, 
and  consists  mainly  of  two  swinging  members  A,  in  which  the  knurl- 
holders  B  are  held  by  set-screws  C.  Rectangular  holes  are  provided 
in  the  swinging  members  A,  into  which  these  knurl-holders  B  fit.  As 
these  two  swinging  members  have  to  work  together,  it  is  necessary  to 
connect  them.  This  is  accomplished,  as  shown  in  the  illustration,  by 
two  connecting  links  D,  attached  to  a  stud  E  held  in  the  main  body 
of  the  holder  F  by  the  nut  Q  which  is  screwed  onto  the  shank  of  the 
stud. 

In  operation,  the  rising  block,  held  on  the  cross-slide,  presses  against 
the  point  a  of  the  screw  H,  and  forces  the  right  swinging  member  A 
in  the  direction  of  the  arrow.  This  revolves  the  stud  E  in  the  direction 
of  the  arrow,  which  action,  in  turn,  draws  in  the  left  swinging  arm. 
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These  members  are  held  apart  by  coil  spring  I  pressing  against  two 
spring  plungers  J,  which,  in  turn,  press  against  two  pins  K  held  in 
the  swinging  members.  These  pins  K  project  into  the  main  body  of 
the  holder,  and  are  stopped  by  means  of  two  headless  screws  L,  which 
are  tapped  into  the  holder.  The  swinging  members  A  are,  as  plainly 
shown,  attached  to  the  main  body  of  the  holder  in  the  same  manner  as 


Flff .  22.    Brown  ^  Bharpe  Openlnff  Knurl-holder 

an  ordinary  swing  tool.  The  knurl-holders  in  this  case,  however,  can- 
not be  set  to  any  desired  angle,  but  are  held  rigidly,  so  to  speak,  in  the 
swinging  members.  The  forward  ends  of  these  holders  are  offset  so 
that  a  straight  knarl  is  held  at  an  angle  of  30  degrees  with  the  axis 
of  the  holder  for  producing  diamond  knurling.  However,  the  knurl- 
holder  proper  can  be  used  for  straight  knurling  or  other  knurling  from 


Plgr.  28.    Numberinff  Tool  of  the  Swinf  Type 

the  turret,  by  supplying  it  with  knurl-holders  B  of  the  desired  shape  to 
suit  conditions. 

This  knurl-holder  is.  provided  with  a  stop  If,  sin%ilar  in  shape  to  an 
ordinary  flllister-head  screw,  which  is  tapped  into  the  shank  of  the 
holder.  The  screw  is  flattened  on  the  end  projecting  from  the  holder, 
80  that  a  wrench  can  be  used  for  adjusting  it,  the  nut  N,  of  course, 
being  used  for  locking  when  the  stop  is  set  in  the  desired  position. 
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The  advantage  of  this  stop  is  that  when  all  the  holes  in  the  turret 
are  full  and  it  is  necessary  to  feed  the  stock  out  again,  the  holder  will 
act  as  a  stop  when  the  stock  Is  fed  out  into  it.  The  rise  on  the  lead 
cam  is,  of  course,  used  to  govern  the  position  of  the  knurls  on  the 
work. 

Numberingr  Tool 

In  Fig.  23  is  shown  a  swinging  knurl-holder  which  was  used  for 
rolling  figures  in  a  wheel  for  a  cash  register.    The  method  of  rolling 


TIFCT 
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Flff.  24.    ELnurl-bolder  for  Oonoave  and  Convex  Knurling- 

the  figures  on  the  wheels  is  interesting.  The  knurl  A  and  the  number- 
ing wheel  B  are  made  separately,  and  are  screwed  onto  a  sleeve  C 
which,  in  turn,  is  held  on  a  pin  Z).  This  pin  is  driven  into  the  swinging 
member  of  the  holder,  and  is  held  by  a  headless  screw  E. 

The  diameter  of  the  knurl  A  is  slightly  larger  than  the  diameter, 
over  the  figures,  %f  the  numbering  wheel,  so  that  the  knurl  comes  In 
contact  with  the  work  first.  The  object  of  this  is  to  provide  a  drive 
for  the  numbering  wheel,  so  that  it  will  not  slip  and  "chew  up**  the 
figures  which  are  being  rolled  in  the  work.     The  knurled  portion  is 
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removed,  after  the  letters  have  been  rolled,  by  a  circular  form  tool 
operated  from  the  cross-slide,  which  operation  leaves  the  work  in  the 
condition  shown  at  D  in  Fig.  21.  This  idea  of  using  a  knurl  to  drive 
the  numbering  tool  is  worth  noting,  as  the  same  principle  could  be  used 
in  a  number  of  cases  for  performing  work  of  similar  character.. 

Knurl-holder  for  Concave  and  Convex  Kntirllngr 
At  E  in  Pig.  21  is  shown  an  acorn  nut,  a  portion  of  which  is  knurled 
as  indicated.  This  operation  would  be  difficult  to  perform  with  a  cross- 
slide  knurl-holder,  owing  to  the  fact  that  the  knurl  could  not  be  brought 
in  straight — that  is,  having  its  axis  parallel  to  the  axis  of  the  spindle — 
as  the  knurl  would  have  a  tendency  to  glide  off.  This,  however,  was 
accomplished  by  knurling  from  the  turret  with  a  knurl-holder  operated 
by  a  rising  block  held  on  the  cross-slide. 

The  knurl-holder  for  performing  this  operation,  and  the  knurl  used, 
are  shown  in  Fig.  24.     This  knurl-holder  is  of  the  swing  type,  and  is 


FUt'  20>    Bevel  Knurl-bolder  used  In  tbe  Turret 

offset  as  shown.  The  manner  of  holding  the  swinging  member  is  that 
commonly  used  and  needs  no  description.  The  angle  to  which  the 
knurl-holder  is  offset  is  such  that  the  knurl  can  be  held  with  its  axis 
parallel  to  the  face  of  the  work  to  be  knurled.  The  face  of  the  work 
in  this  case,  however,  is  convex,  so  that  the  axis  of  the  knurl  is  held 
parallel  to  an  imaginary  line,  joining  the  smallest  and  largest  diam- 
eters of  the  knurled  portion.  Forcing  this  knurl-holder  in  at  an  angle, 
makes  it  necessary  to  provide  a  roller  on  the  swinging  member,  so  that 
the  pressure  can  be  directed  in  a  straight  line  and  still  deflect  the 
swinging  member  to  the  required  angle  without  cramping.  The  knurl 
A  is  held  on  a  pin  B  driven  into  the  swinging  member  of  the  holder, 
and  a  rectangular  hole  C  is  cut  in  the  swinging  member  into  which 
the  knurl  fits. 

Holders  for  Bevel  Knurlingr 

At  F  in  Fig.  21  is  shown  a  piece  which  is  beveled  and  knurled,  and 
in  Fig.  25  is  shown  the  knurl  and  holder  which  were  used  to  perform 
the  knurling  operation.  The  holder  is  of  simple  design  and  will  not 
need  further  explanation.  The  knurl  is  held,  as  shown,  at  the  desired 
angle  with  the  work,  on  a  pin  driven  into  the  knurl-holder.  This 
simple  knurl-holder  performed  the  operation  successfully. 

At  G  in  Fig.  21  Is  shown  a  piece  somewhat  similar  to  that  at  F,  but 
it  is  smaller  in  diameter,  and  the  Included  angle  of  the  tapered  por- 
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lion  is  less.  This  piece  was  not  knurled  from  the  turret,  however,  but 
was  operated  on  by  a  cross-slide  knurl-holder  of  the  tjrpe  shown  in 
Fig.  26.  The  body  A  of  this  holder  is  cyHndrical  in  shape,  while  the 
shank  B  is  of  rectangular  section,  and  is  held  in  the  cross-slide  holder 
used  for  holding  straight  forming  tools.  This  holder  can  be  furnished 
for  the  Brown  ft  Sharpe  automatic  screw  machine  when  so  desired. 
The  knurl  C  is  made  with  a  shank,  which  passes  into  the  body  of  the 
holder  A  and  is  held  in  the  holder  by  a  pointed  set-screw  D  fitting 
in  an  annular  groove  cut  in  the  shank  of  the  knurl.     As  the  thrust 

exerted  on  the  knurl  when  in  opera- 
tion is  considerable,  it  is  necessary  to 
provide  this  knurl-holder  with  roller 
bearings  to  reduce  the  friction.  Two 
steel  washers  E  act  as  retainers  for 
the  ball  bearings  F,  and  an  additional 
bronze  washer  Q  is  provided  to  sepsr 
rate  the  body  of  the  holder  from  the 
tool-steel  retainers.  These  retainers 
E  are  hardened,  as  is  also  the  knurl  (7. 


Flff.  sa.    Bevel  Knurl-taoldor  used 
on  the  Oro—  eUde 


Turret  Kn\irl-holder  for 
End  Kntirling 

It  is  sometimes  necessary,  when 
using  special  turret  tools,  espe- 
cially those  of  the  generating  type, 
to  knurl  the  end  of  the  work  so  that 
the  tool  in  the  turret  can  be  kept 
in  step  with  the  work.  The  knurl- 
holder,  and  knurl  for  performing 
this  class  of  work  are  shown  in 
Fig.  27. 

The  knurl  A  is  held  in  the  holder  at  an  angle  with  the  horizontal 
center  line.  The  angle  a  at  which  the  knurl  is  held  should  be  from 
15  to  30  degrees;  about  20  degrees,  however,  is  ordinarily  used.  The 
shank  of  the  knurl  A  passes  into  the  body  of  the  holder  and  fits  in  a 
bronze  sleeve  B,  the  sleeve  being  driven  into  the  holder.  An  oil 
groove  is  cut  in  this  sleeve  to  supply  oil  to  the  shank  of  the  knurl.  A 
hardened  steel  washer  C  and  a  bronze  washer  B  are  also  provided  to 
reduce  the  friction.  The  knurl  is  held  up  against  these  washers  C  and 
D  by  a  collar  E,  which  is  fastened  to  the  shank  of  the  knurl  with  a 
pin  F. 

This  type  of  knurl-holder  is  also  used  for  assembling  operations. 
The  piece  to  be  assembled  on  the  work  in  the  chuck  is  put  in  place, 
and  the  knurl-holder  is  brought  in,  upsetting  the  end  so  that  the  part 
assembled  cannot  be  taken  off.  A  hole  is  usually  drilled  in  the  end 
of  the  knurl,  as  shown,  to  facilitate  the  cutting  of  the  teeth. 

Layingr  out  Cams  for  Turret  Knurling  Operations 
Knurling  from  the  turret  differs  from  knurling  from  the  cross-slide, 
in  that  the  turret  knurl-holder  cannot  be  taken  off  the  work  on  the 
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quick  drop  of  the  cam.  IX  this  were  done,  the  knurU  would  "chew  up" 
the  knurling  which  has  been  made  on  the  forward  travel  of  the  knurls. 
The  method  of  laying  out  the  rise  on  the  lead  cam  for  knurling  from 
the  turret  is  shown  in  Fig.  28.  This  is  the  lay-out  of  a  set  of  cams 
for  making  a  Brown  &  Sharpe  micrometer  sleeve,  shown  at  A  in  Fig. 
21.  The  other  machining  operations  on  this  sleeve,  however,  are  not 
within  the  scope  of  this  article,  so  we  will  turn  our  attention  to  the 
lobe  which  performs  the  knurling  operation.  This  lobe  is  shown  at  A 
on  the  lead  cam.  It  will  be  noted  that  the  part  of  the  lobe  for  the 
forward  travel  of  the  knurls  covers  a  greater  rnunber  of  hundredths 
of  the  cam  surface  than  does  the  part  of  the  lobe  used  for  backing 
the  knurls  ofP  the  work.  As  a  rule,  the  part  of  the  lobe  used  in  back- 
ing the  knurl  ofP  the  work  should  contain  about  half  the  number  of 
hundredths  used  for  feeding  the  knurl  onto  the  work,  or,  in  other  words. 


Vig.  87.    Toz^et  Blnnrl-holdnr  for  Bod  Blnnrltiiff 

the  feed  used  for  backing-ofP  should  be  about  twice  that  used  for  feed- 
ing on. 

Desifirning  and  Cutting  Bevel  and  End  Knurls 

The  making  of  bevef  knurls  differs  from  the  making  of  bevel  gears 
only  in  that  the  pitch  circle  of  the  knurl  is  not  taken  into  considera- 
tion. 

In  Fig.  29  is  shown  the  ordinary  method  of  designing  a  bevel  knurl. 
Angle  a,  of  course,  is  made  to  conform  to  the  face  angle  on  the  work. 
The  face  angle  p  on  the  knurl  can  be  found  by  the  following  formula: 

d 
First  find  tan  17,  which  is  equal  to  —  (d  =  depth  of  tooth,  and  A  = 

A 
length  of  face  cone  radius  of  knurl).    The  diameter  of  the  knurl,  D,  is 
made  to  suit  the  requirements. 

Then 

/3  =  a  +  17 

The  included  angles  of  the  teeth  for  the  knurls  used  in  knurling 
different  materials  were  given  in  the  previous  chapter,  together  with  a 
table  giving  the  depth  of  teeth  for  various  included  angles. 

In  Fig.  30  is  shown  a  method  of  designing  an  end  knurl.  The  hot 
tom  of  the  tooth  in  the  knurl  should  be  at  right  angles  to  the  center 
line  of  the  spindle  when  the  knurl  is  held  in  the  position  shown,  so 
that  the  face  of  the  teeth  on  the  knurl  projects  past  the  perpendicular, 
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thus  forming  the  teeth  in  the  work  deeper  at  the  outer  circumference 
than  at  the  center.  In  cutting  the  knurl,  when  the  angle  B  at  which 
the  knurl  is  held  in  the  holder  is  known,  the  setting  of  the  knurl  in  the 
milling  machine  is,  of  course  a  simple  problenu    The  face  angle  of  the 
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Method  ot  Ijmjiug  oat  IjoIm  for  Turret  KnorUnff 

knurl  has  to  be  found,  however,  before  the  knurl  can  be  made.    This 
angle  can  be  found  by  the  aid  of  the  following  formulas,  in  which 
$  =  angle  of  inclination  of  axis  of  knurl, 
d  =  angle  of  bottom  of  tooth  with  axis  of  knurl, 
7  =  tooth  angle, 
^  =  face  angle  of  knurl, 

i?  =  radius  of  knurl,  made  to  suit  requirements, 
/?,  =  distance  from  vertex  to  circumference  at  bottom  of  tooth, 
i?,  =  distance  from  vertex  to  circumference  at  face  of  tooth, 
d,  =  depth  of  tooth. 

d  =  90  degrees — $ 
R 

costf 
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ij,  =  ifj  —  (di  X  tan  e) 
tan  7  = 

0  =  ^  —  7 

For  example,  assume  that  it  is  required  to  design  an  end  knurl  with 
the  following  data: 
Angle  ^  =  20  degrees  , 
Depth  of  tooth,  d^  =  0.027  inch, 
Radius  of  knurl,  R  =  0.375  inch. 

Then 

0.375               0.375 
«»  = = =  0.399  inch. 


cos  20  deg. 


0.9397 


^K^      FROM15TC^0_ 

/ 
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Flflr.  SO.    Method  of  Finding  the  Outtlnff 
Anffle  of  Bevel  Knurls 


Fiff.  SO.    Metbod  of  Finding  the 
Face  AnglB  of  End  Knurls 


R^  =  0.399  —  (0.027  X  tan  20  deg.)  =  0.399  —  0.0098  =  0.389  in. 

«  =  90  deg.  —  20  deg.  =  70  deg. 

0.027 

tan  7  = =  0.0694,  the  tangent  of  3  deg.  58  min. 

0.389 

0  =  20  deg.  —  3  deg.  58  min.  =  16  deg.  2  min. 

For  some  classes  of  work  it  may  be  necessary  to  have  the  diameter  of 
the  knurl  tapering,  oo  that  the  circumference  is  at  an  angle  of  90  de- 
grees 0^  less  to  the  face  of  the  knurl.  This,  however,  decreases  the 
strength  of  the  teeth  at  the  circumference,  and  promotes  chipping  of 
the  teeth. 

Rise  on  Lead  and  Cross- slide  Cams  for  Turret  Knurling 

Knurling  operations  performed  from  the  turret  can  De  divided  into 
five  distinct  groups  as  follows: 

1.  Spiral  or  diamond  knurling,  when  the  knurl-holder  is  operated 
on  entirely  by  the  lead  cam. 
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2.  Spiral  or  diamond  knurling,  when  the  knurl  is  operated  on  by 
both  the  lead  and  crofis-slide  cams. 

3.  Bevel  knurling,  when  the  knurl  is  operated  entirely  from  the 
turret. 

4.  Bevel  knurling,  when  the  knurl  is  operated  on  by  both  the  lead 
and  cross-slide  cams. 

5.  End  knurling,  when  the  knurl  Is  operated  on  entirely  from  the 
turret. 

The  rise  on  the  cam  for  knurling  from  the  turret,  subject  to  the 
conditions  above  stated,  can  be  found  by  referring  to  Fig.  31.  At  A 
is  shown  the  diagram  for  spiral  or  straight  knurling  when  the  knurl 
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DiAflrrams  for  Flndlnar  Riae  ozi  Lead  and  OroasHsllde 
Oatna  for  Turret  KnurUnar 


is  operated  on  entirely  from  the  turret.  The  rise  on  the  lead  cam  for 
this  operation  would  be  &  +  a.  The  value  a  takes  into  consideration 
the  bevel  on  the  knurl,  which  is  necessary  to  prevent  the  corners  from 
chipping. 

For  spiral  or  straight  knurling  when  the  knurl  is  operated  on  by 
both  the  turret  and  cross-slide  cams,  the  diagrams  shown  at  B  and  C 
are  used.  Here  the  lead  cam  brings  the  knurls  onto  the  work  into  the 
position  shown,  by  the  quick-rise  of  the  cam.  A  dwell  is  then  made 
on  the  lead  cam,  and  the  cross-slide  cam  forces  the  knurls  in  to  the 
proper  depth.  The  lead  cam  then  advances,  while  a  dwell  is  made  on 
the  cross-slide  cam.  The  rise  on  the  lead  cam  is  equal  to  c,  or  the 
length  of  the  knurled  portion,  minus  the  thickness  d  of  the  knurl. 
The  rise  h  on  the  cross-slide  cam  is  found  by  the  following  formula: 


Digitized  by  VjOOQ  IC 


KNURLING  OPERATIONS 


31 


The  value  e  is  equal  to  the  depth  of  the  tooth.  This  value  is  slightly 
greater  than  the  rise  on  the  cam  required  for  knurling,  as  the  material 
Is  displaced.  However,  the  depth  of  the  tooth,  e.  is  near  enough  for 
air  practical  purposes. 

The  method  of  obtaining  the  rise  on  the  cam  for  bevel  knurling 
when  the  knurl  is  operated  on  entirely  by  the  lead  cam,  is  shown  at  /), 
where  i  equals  the  rise  required  on  the  cam.     The  rise  i  is  obtained 
by  means  of  the  following  formulas,  where 
fc  =  face  cone  radius  of  work. 
/=:  diameter  of  work. 


TABLH  rv.    FBBD8  FOB  TURBBT  KMURLINO 

Pitch 

Brass  Bod. 

Gun  Screw 

Machine  Steel. 

Tool  Steel. 

of 

Feed  per 

Iron,  Feed  per 

Feed  per 

Feed  per 

Kourl 

Bevolntion 

Revolution 

Revolution 

Revolution 

16 

0.0100 

0.0080 

0.0060 

0.0040 

18 

0.0105 

0.0U84 

0.0068 

0.0042 

20 

0.0110 

0.0088 

0.0065 

0.0044 

23 

0.0115 

0.0092 

0.0068 

0.0046 

24 

0.0118 

0.0096 

0.0070 

0.0048 

26 

0.0128 

0.0100 

0.0072 

0.0050 

28 

0.0128 

0.0108 

0.0074 

0.0051 

80 

/  0.0135 
'   0.0140 

0.0106 

0.0076 

0.0052 

32 

0.0110 

0.0078 

0.0058 

84 

0.0145 

0.0115 

0.0080 

0.0064 

36 

0.0150 

0.0120 

0.0082 

0.0056 

88 

0.0158 

0.0125 

0.0084 

0.0057 

40 

0.0158 

0.0128 

0.0086 

0.0058 

42 

0.0164 

0.0182 

0.0088 

0.0059 

44 

0.0168 

0.0186 

0.0090 

0.0061 

46 

0.0173 

0.0140 

0.0092 

0.0062 

48 

0.0178 

0.0148 

0.0094 

0.0068 

50 

0.0182 

0.0145 

0.0098 

0.0064 

52 

0.0185 

0.0148 

0.0108 

0.0065 

54 

0.0189 

0.0150 

0.0108 

0.0066 

56 

0.0198 

0.0158 

0.0111 

0  0067 

58 

0.0195 

0.0156 

0.0115 

0.0068 

60 

0.0198 

0.0158 

0.0118 

0.0069 

62 

0.0200 

0.0160 

0.0120 

0.0070 

t  =  rise  required  on  cam, 

a  =  angle  of  bottom  of  tooth  with  axis  of  work, 
/3  =  angle  of  face  with  axis  of  work, 

«  =  tooth  angle, 
(2,  =  depth  of  tooth. 

k  =  ;  sin  «  = ;  a  ==  /3  —  e 

2  8in/3  h 

Then 


sin  a 


-f  0.010  to  0.015  inch. 


The  method  used  for  obtaining  the  rise  on  the  cross-slide  cam  for 
bevel  knurling  when  the  knurl  is  operated  on  by  both  the  lead  and 
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cross-slide  cams,  is  the  same  as  that  shown  at  C  in  Fig.  31.  The 
holder  in  which  the  knurl  is  held  is  offset,  so  that  the  face  of  the  knurl 
is  held  parallel  with  the  face  of  the  work  when  being  fed  in.  The 
depth  of  the  tooth,  therefore,  is  used  for  obtaining  the  rise  on  the 
cross-slide  cam,  by  the  aid  of  the  diagram  shown  at  C.  No  rise  is 
required  on  the  lead  cam,  as  the  knurl  is  brought  to  the  correct  posi- 
tion on  the  work  by  the  quick-rise  of  the  cam,  and  then  allowed  to 
dwell  until  the  knurling  is  completed. 

The  method  of  obtaining  the  rise  on  the  lead  cam  for  end  knurling 
is  shown  at  E,  where  it  can  be  seen  that  the  rise  I  equals  the  depth  of 
the  tooth.  To  dimension  I  should  be  added  from  0.010  to  0.015  inch  for 
the  approach. 

Speeds  and  Feeds  for  Knurling 

Knurls,  as  a  rule,  can  be  operated  at  about  the  same  speed  as  circu- 
lar forming  tools,  if  the  proper  feed  is  given  and  the  knurl  is  provided 
with  a  copious  supply  of  good  lard  oil.  However,  it  may  be  advisable 
in  some  cases,  especially  when  knurling  tool  steel  or  drill  rod,  to  de- 
crease the  speed  somewhat. 

Definite  information  cannot  be  given  for  feeds  for  turret  knurling, 
as  it  is  impossible  to  take  into  consideration  all  the  various  conditions 
under  which  a  knurl  will  be  operated.  When  two  knurls  are  employed 
for  diamond  or  spiral  knurling,  the  knurls  can  be  operated  at  a  higher 
rate  of  feed  for  producing  a  spiral  than  they  can  for  producing  a  dia- 
mond knurl.  The  reason  for  this  is  that  in  the  first  case  the  two 
knurls  would  be  working  in  the  same  groove,  whereas  in  the  latter  case 
the  two  knurls  are  working  independently  of  each  other,  so  that  each 
has  to  do  its  own  share  of  the  work.  Another  condition  encountered 
is  end  knurling  where  the  knurl  only  has  to  be  fed  in  to  the  depth  of 
the  tooth.  Here  the  feed  varies,  of  course,  from  that  used  for  spiral 
or  diamond  knurling;  so  it  is  obvious  that  no  definite  rule  can  be  laid 
down  which  will  cover  all  conditions.  The  diameter  of  the  work  is 
also  a  determining  factor,  making  the  problem  still  more  difllcult. 
Feeds  foe  turret  knurling  are  given  in  Table  IV  for  knurling  difTerent 
materials.  The  feeds  here  given  are  applicable  particularly  to  spiral 
and  diamond  knurling,  but  can  also  be  used,  with  judgment,  for  bevel 
or  end  knurling.  The  diameter  of  the  work  is  not  taken  .into  considera- 
tion, and  allowance  should  be  made  for  this  when  using  the  feeds  given. 
The  feeds  to  be  used  for  backing  the  knurls  ofT  the  work  should  be  as 
follows:  For  brass,  screw  stock  and  machine  steel,  twice  the  feeds 
given  in  the  table;  and  for  tool  steel,  three  times  the  feeds  given  in  the 
table. 


Digitized  by  VjOOQ  IC 


CHAPTER  III 


SPECIAL  KNURLING  OPERATIONS 

The  knurling  operations  dealt  with  in  the  previous  chapters  are 
what  might  be  called  "standard,"  and  are  met  with  frequently  in  auto- 
matic screw  machine  practice.  The  following  examples  are  of  a  more 
special  nature,  and  illustrate  unusual  applications  of  knurls.  The 
data  which  follows  should  be  of  suggestive  value  to  the  designer  of 
screw  machine  tools,  inasmuch  as  it  presents  commendable  methods 
of  applying  knurls  to  the  work  under  varying  conditions. 

Bevel  KnurlinfiT  Tools  operated  f^om  the  Turret 
The  simple  bevel  knurling  tool  shown  in  Fig.  33  is  provided  with 
a  tapered  shank  and  is  held  in  a  standard  floating  holder  in  the  tur- 


Flff.  82.    Examples  of  Work  Requlrlnir  Special  Knurls  aLd 
Knurl'liolder  Applications 

ret.  The  piece  to  be  knurled,  A,  is  a  small  German  silver  button  which 
has  a  convex  face,  but  as  the  curvature  is  slight,  a  straightface  dia- 
mond knurl  can  be  used.  In  applying  the  knurl  to  the  work,  the  cen- 
ter line  BC  of  the  knurl  should  be  at  right  angles  to  that  portion  of 
the  work  it  is  required  to  knurl.  This  particular  holder  was  used  in 
a  No.  00  Brown  &  Sharpe  automatic  screw  machine,  which  was  oper- 
ated at  a  spindle  speed  of  1492  R.  P.  M.,  and  with  a  feed  to  the  knurl 
of  0.0023  inch  per  revolution  of  the  work. 

Another  example  of  end-knurling  from  the  turret  is  shown  in  Fig. 
34.  The  piece  to  be  knurled  is  shown  at  A,  and  also  at  F  in  Fig.  32. 
The  knurl  is  presented  from  the  turret  under  the  body  of  the  work. 
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and  produces  a  single  spiral  knurl,  the  teeth  of  which  are  at  an  angle 
of  25  degrees  with  the  axis  of  the  work.  The  holder  is  held  in  a  No.  2 
Brown  &  Sharpe  automatic  screw  machine,  and  the  work  is  rotated  at 


--CT- 


Fiff.  as.    Bnd-knurllnff  Tool  held  In  Floatlnir  Holder 

1200  R.  P.  M.,  with  a  feed  to  the  knurl  of  0.0024  inch  per  revolution. 

The  knurl  holder  consists  of  a  shank  B  which  fits  the  hole  in  the 

turret,  and  a  holder  C  held  to  the  body  B  by  a  screw,  and  located  by 

a  tongue  and  groove.    The  hole  for  screw  D  in  holder  C  is  larger  than 


-IJ 


A 
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Fiff.  84.    Bzid-knarllziir  Tool  held  In  Ttirret  and  Operated  at  an  An^le 

the  body  diameter  of  the  screw,  to  provide  for  adjustment.  The  knurl 
which  is  shown  detailed  at  E  is  provided  with  a  shanlc  which  is  a 
running  fit  in  the  hole  In  holder  C.  It  is  retained  by  a  washer  F  and 
screw  G  and  rotates  on  a  hardened  washer  U.    The  distance  /  on  the 
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knurl  shank  is  slightly  greater  than  the  width  of  the  holder,  so  as 
to  allow  the  knurl  and  washer  O  to  rotate  freely. 

The  knurl  B  and  the  knurl  holder  D  shown  in  Fig.  35  are  used  to 
produce  a  ratchet  form  of  radial  teeth  in  the  shoulder  of  the  piece 
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FlflT.  85.    Knurl  and  Knnrllnir  Tool-bolder  for  produolnff  Bacbet 
Form  of  Radial  Teeth 

shown  at  A,  and  also  at  C  in  Fig.  32.  The  teeth  in  the  knurl  are  cut 
at  an  angle  of  60  degrees  and  are  radial.  The  work  is  rotated  at  1216 
R.  P.  M.,  and  a  feed  of  0.0008  inch  is  given  to  the  knurl  per  revolution 
of  the  work. 


i"i"i" 


MaOHntnt 


Tig.  80.    Knurl  and  Holder  for  producing  **Tanffential"  Form  of  ELnurl 

This  holder  is  held  in  the  turret  of  a  No.  2  Brown  6  Sharpe  auto- 
matic screw  machine,  and  consists  of  a  body  and  shank  C  to  which 
the  holder  D  is  held  by  a  screw.  The  knurl  B  rotates  in  a  phosphor- 
bronze  bushing  which  is  prevented  from  turning  by  a  screw.  The 
knurl  is  retained  in  the  bushing  by  a  large-headed  screw  F  provided 
with  a  shoulder.     There  is  suflacient  end  play  to  allow  the  knurl  to 
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rotate  freely.  It  should  be  noted  that  in  presenting  the  knurl  to  the 
work,  the  bottom  of  the  teeth  in  the  knurl  should  be  at  right  angles 
to  the  center  line  of  the  holder  or  of  the  work. 


Vlg.  87.    Special  Blnurls  and  Holder  for  Internal  Bevel  Knurlinff 

A  knurl-holder  bearing  a  marked  similarity  to  that  shown  in  Fig. 
35  is  illustrated  in  Fig.  36.  In  this  case,  however,  the  knurl  is  used 
for  producing  "tangential"  teeth,  as  shown  on  the  piece  B,  Fig.  32, 
and  consequently  it  is  provided  with  spiral  teeth.  It  is  not  inclined  at 
80  small  an  angle  with  the  center  line  of  the  holder,  and  approaches. 


Madktiurt 


fig.  88.    Swinff  Type  of  Turret  Knurl-holder  for  Knurling  at  Varloua  Anfflee 

when  in  operation  on  the  work,  as  closely  as  conditions  will  permit, 
the  action  of  a  helical  gear  in  mesh. 

Internal  Turret  Knurl-holder 
A  special  application  of  two  bevel  spiral  knurls  to  the  work  is  shown, 
in  Fig.  37.    Here  the  portion  of  the  work  to  he  knurled  is  beveled  at 
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an  included  angle  of  approximately  90  degrees,  and  as  shown  at  A  In 
Fig.  32,  a  diamond-shaped  knurl  is  to  be  produced.  This  operation 
can  be  more  easily  accomplished  in  this  case  with  two  spiral  knurls 
than  would  be  possible  with  one  diamond  knurl.  Under  these  condi- 
tions it  is  advisable  to  have  the  angle  a  slightly  less  than  half  the 
angle  on  the  work,  so  that  it  will  be  possible  to  use  a  bevel  knurl,  as 
a  straight  knurl  would  not  work  freely  when  operated  from  either  the 
turret  or  cross-slide. 

The  holder  A,  Fig.  37,  which  is  held  in  the  turret,  is  made  from  a 
machine  steel  forging  and  is  supplied  with  two  lugs,  bored  to  receive 
the  phosphor-bronze  bushings  B,  these  being  retained  in  the  holder  by 


Fig.  80.    Opening  Type  of  Turret  Knarl*bolder  tor  Bevel  Knurling 

screws  C.  The  knurls  D  are  provided  with  shanks  and  are  retained 
in  bushings  B  by  screws  E,  which  rotate  with  the  knurls.  The  end 
thrust  of  the  knurls  in  this  holder  is  considerable,  so  that  it  is  neces- 
sary to  back  up  the  bushings  B  with  screws  F. 

Special  Swing  Knurl-holder 

A  special  knurl  holder  which  is  held  in  the  turret  and  operated 
from  the  cross-slide  by  a  rising  block  under  the  front  tool-post,  is 
shown  in  Fig.  38.  The  work  is  shown  at  A,  and  also  at  D  in  Fig.  32. 
It  will  be  noticed  that  the  work  is  considerably  greater  In  diameter 
than  suitable  for  the  ordinary  capacity  of  the  No.  2  Brown  &  Sharpe 
automatic  screw  machine,  thus  requiring  the  use  of  a  special  outside 
feeding  attachment,  the  ordinary  feed  tube  being  removed.  The  work 
is  revolved  at  240  R.  P.  M.,  and  the  knurl  holder  advanced  at  the  rate 
of  0.00077  inch  per  revolution  of  the  work.    This  is  the  speed  at  which 
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the  swinging  arm  D  is  moved,  so  that  the  actual  feed  to  the  knurl  will 
he  somewhat  less  than  this  amount. 

The  main  body  of  holder  C  is  provided  with  a  shank  held  in  the 
turret,  and  the  swinging  member  D  is  held  to  its  front  face  by  a  bolt 
E  and  nut  F.  The  knurl  B  is  held  on  pin  G  retained  in  the  swivel 
holder  H  by  screw  /.  The  holder  H  is  provided  with  angular  gradua- 
tions reading  to  degrees,  so  that  the  knurl  can  be  set  to  the  desired 
angle  with  the  work.  In  the  illustration  the  knurl  is  set  straight,  but 
in  actual  operation  it  is  set  around  at  an  angle  of  8  degrees.  The 
shank  of  holder  H  is  retained  in  the  swinging  member  D  by  two  set- 
screws  /,  which  operate  on  bronze  shoes  to  prevent  marring  the 
shank. 

In  operation,  the  rising  block  on  the  cross-slide  comes  in  contact 
with  the  point  a  of  the  adjusting  screw  JT,  forcing  the  knurl  into  the 
work.  The  swinging  member  is  returned  to  adjustable  stop-screw  L 
by  a  spring  M,  plunger  N  and  pin  O,  the  latter  being  driven  into  the 
swinging  member  and  operating  in  an  elongated  hole  in  the  holder  C. 

Special  Opening  Knurl-holder 

An  opening  type  of  knurl-holder  of  a  design  almost  identical  with 
that  shown  in  Fig.  22,  is  shown  in  Fig.  39.  Two  bevel  knurls  B  are 
held  in  the  swinging  arms  C  and  D  in  the  manner  shown  in  the  sec- 
tional view.  These  arms  are  provided  with  offset  lugs  bored  to  re- 
ceive the  phosphor-bronze  bushings  E,  which  are  prevented  from  turn- 
ing by  set-screws  F.  The  knurls  B  are  provided  with  shanks  and  are 
retained  in  the  bronze  bushings  by  screws  G.  The  type  of  holder 
shown  gives  better  results  on  the  piece  shown  at  A,  and  also  at  E  in 
Fig.  32,  than  would  a  holder  held  on  the  cross-slide  which  would 
force  the  knurl  straight  into  the  work.  The  reason  for  this  is  that  in 
operating  a  bevel  knurl  from  the  cross-slide  on  a  tapered  piece  of 
work,  the  knurl  has  a  tendency  to  glide  off  and  produce  an  imperfect 
form  of  knurl.  The  opening  type  of  holder  obviates  this  diflaculty  to 
a  considerable  extent,  as  the  power  can  be  applied,  so  to  speak,  at  right 
angles  to  the  surface  knurled.  The  knurls  are  brought  into  position 
by  the  turret  and  then  fed  into  the  work  by  the  rising  block  on  the 
cross-slide. 


Digitized  by  VjOOQ  IC 


OUTUNB   OP  A  COURSE   IN  SHOP  AND   DRAPTING.ROOM 

MATHEMATICS,  MECHANICS,  MACHINE  DESIGN 

AND  SHOP  PRACTICE 

Any  intelligent  man  engaged  in  mechanical  work  can  acquire  a  well-rounded 
mechanical  education  by  using  as  a  guide  in  his  studies  the  outline  of  the 
course  in  mechanical  subjects  given  below.  The  course  is  laid  out  so  as  to 
make  it  possible  for  a  man  of  little  or  no  education  to  go  ahead,  beginning 
wherever  he  finds  that  his  needs  begin.  The  course  is  made  up  of  units  so  that 
it  may  be  followed  either  from  beginning  to  end;  or  the  reader  may  choose 
any  specific  subject  which  may  be  of  especial  importance  to  him. 

F^NCIPLES     AND     PRACTICE     OF     ASSEM- 
BLING Machine  Tools. 

Reference   Series    No.     57.      Metal 
Spinning. 


Preliminary  Course  in  Arithmetic 
Jig  Sheets  1A  to  5A:— Whole  Num- 
bers:     Addition,    Subtraction,     Multi- 
plication, Division,  and  Factoring. 

Jio  Sheets  6A  to  15 A:— Common 
Fractions  and  Decimal  Fractions. 

Shop  Calculations 

Reference  Series  No.  18.  Shop 
Arithmetic  fob  the  Machinist. 

Reference  Series  No.  52.  Advanced 
Shop  Arithmetic  fob  the  Machinist. 

Reference  Series  No.  53.  Use  of 
Logarithmic  Tables. 

Reference  Series  Nos.  54  and  55. 
Solution  of  Triangles. 

Data  Sheet  Series  No.  16.  Mathe- 
matical Tables.  A  book  for  general 
reference. 

Drafting-room  Practice 
Reference  Series  No.  2.     Dbafting- 

RooM  Practice. 
Reference    Series    No.  8.     Working 

Drawings  and  Drafting-room  Kinks. 
Reference  Series  No.  33.     Systems 

and  Practice  of  the  Drafting-room. 

General  Shop  Practice 

Reference  Series  No.  10.  Examples 
of  Machine  Shop  Practice. 

Reference  Series  No.  7.  Lathe  and 
Planer  Tools. 

Reference  Series  No.  25.  Deep  Hole 
Drilling. 

Reference  Series  No.  38.  Grinding 
and  Grinding  Machines. 

Reference  Series  No.  48.  Files  and 
Filing. 

Reference  Series  No.  32.  Screw 
Thread  Cutting. 

Data  Sheet  Series  No.  1.  Screw 
Threads.  Tables  relating  to  all  the 
standard  systems. 

Data  Sheet  Series  No.  2.  Screws, 
Bolts  and  Nuts.    Tables  of  standards. 

Data  Sheet  Series  Nos.  10  and  11. 
Machine  Tool  Operation.  Tables  re- 
lating to  the  operation  of  lathes,  screw 
machines,  milling  machines,  etc. 

Reference  Series   Nos.    50    and   51. 


Jigs  and  Fixtures 

Reference  Series  Nos.  41,  42  and  43. 
Jigs  and  Fixtures. 

Reference  Series  No.  3.    Drill  Jigs. 

Reference  Series  No.  4.  Milling 
Fixtures. 

Punch  and  Die  Work 

Reference  Series  No.  6.  Punch  and 
Die  Work. 

Reference  Series  No.  13.  Blanking 
Dies. 

Reference  Series  No.  26.  Modern 
Punch  and  Die  Construction. 

Tool  Making 

Reference  Series  No  64.  Gage 
Making  and  Lapping. 

Reference  Series  No.  21.  Measur- 
ing Tools. 

Reference  Series  No.  31.  Screw 
Thread  Tools  and  Gages. 

Data  Sheet  Series  No.  3.  Taps  and 
Threading  Dies. 

Data  Sheet  Series  No.  4.  Reamers, 
Sockets,  Drills,  and  Milling  Cutters. 

Hardening  and  Tempering 
Reference  Series  No.   46.     Harden- 
ing and  Tempering. 

Reference  Series  No.  63.  Heat 
Treatment  of  Steel. 

Blacksmith  Shop  Practice 
and  Drop  Forging 

Reference  Series  No.  44.  Machine 
Blacksmfthing. 

Reference  Series  No.  61.  Black- 
smith Shop  Practice. 

Reference  Series  No.  45.  Drop  Forg- 
ing. 

Automobile  Construction 

Reference  Series  No.  59.  Machines, 
Tools  and  Methods  of  Automobile 
Manufactube. 

Reference  Series  No.  60.  Constbuc- 
TioN  AND  Manufactube  of  Automo- 
biles. 
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Theoretical  Mechanics 
Reference  Series  No.  5.    Fibst  Pbin- 

ciPi4:s  OF  Theoretical  Mechanics. 
Reference    Series    No.    19.    Use   of 

Formulas  in  Mechanics. 

QearinfiT 

Reference  Series  No.  15.  Spub 
Geabing. 

Reference  Series  No.  37.  Bevel 
Geabing. 

Reference  Series  No.  1.  Wobm 
Geabing. 

Reference  Series  No.  20.  Spibal 
Geabing. 

Data  Sheet  Series  No.  5.  Spub 
Geabing.  General  reference  book  con- 
taining tables  and  formulas. 

Data  Sheet  Series  No.  6.  Bevel, 
Spibal  and  Wobm  Geabing.  General 
reference  book  containing  tables  and 
formulas. 

General  Machine  Desifirn 

Reference  Series  No.  9.  Designing 
AND  Cutting  Cams. 

Reference  Series  No.  11.    Beabings. 

Reference  Series  No.  56.  Ball 
Beabings. 

Reference  Series  No.  58.  Helical 
AND  Elliptic  Spbings. 

Reference  Series  No,  17.  Stbength 
OF  Ctlindebs. 

Reference  Series  No.  22.  Calcula- 
tions OF  Elements  of  Machine  De- 
sign. 

Reference  Series  No.  24.  Examples 
OF  Calculating  Designs. 

Reference  Series  No.  40.  Fly- 
^v  heels. 

Data  Sheet  Series  No.  7.  Shafting, 
Keys  and  Keyways. 

Data  Sheet  Series  No.  8.  Beabings, 
Couplings,  Clutches,  Cbane  Chain 
AND  Hooks. 

Data  Sheet  Series  No.  9.  Spbings, 
Slides  and  Machine  Details. 

Data  She^t  Series  No.  19.  Belt, 
Rope  and  Chain  Drives. 

Machine  Tool  Desiflrn 
Reference   Series   No.   14.     Details 

OF  Machine  Tool  Design. 
Reference  Series  No.  16.     Machine 

Tool  Dbives. 

Crane  Desifirn 

Reference  Series  No.  23.  Theoby  of 
Cbane  Design. 

Reference  Series  No.  47.  Design 
OF  Electbic  OVebhead  Cbanes. 

Reference  Series  No.  49.  Gibdebs 
FOB  Electric  Overhead  Cranes. 


Steam  and  Gas  Bnsrine  Design 

Reference  Series  Nos.  67  to  72,  in- 
elusive.  Steam  Boilers,  Engines, 
Turbines  and  Accessobies. 

Data  Sheet  Series  No.  15.  Heat, 
Steam,  Steam  and  Gas  Engines. 

Data  Sheet  Series  No.  13.  Boilebs 
AND  Chimneys. 

Reference  Series  No.  65.  Formlxas 
AND  Constants  fob  Gas  Engine  De- 
sign. 

Special  Course  in  Locomotire  Desiffn 

Reference  Series  No.  27.  Boilebs, 
Cylindebs,  Throttle  Valve,  Piston 
AND  Piston  Rod. 

Reference  Series  No.  28.  Theobt 
AND  Design  of  Stephenson  a.nd  Wal- 
scHAERTS  Valve  Motion, 

Reference  Series  No.  29.  Smoke- 
box,  Frames  and  Driving  Machinery. 

Reference  Series  No.  30.  Springs, 
TkucKS,  Cab  and  Tender. 

Data  Sheet  Series  No.  14.  Locomo- 
tive AND  Railway  Data. 

Dsmamos  and  Motors 
Reference  Series  No.  34.    Care  and 
Repaib  of  Dynamos  and  Motors. 

Data  Sheet  Series  No.  20.  Wiring 
Diagrams,  Heating  and  Ventilation, 
AND  Miscellaneous  Tables. 

Reference  Series  Nos.  73  to  78,  in- 
clusive. Principles  and  Applications 
of  Electricity. 

Heatinsr  and  Ventilation 
Reference    Series    No.    39.      Fans, 

Ventilation  and  Heating. 
Reference   Series  No.   66.     Heating 

AND  Ventilating  Shops  and  Offices. 
Data  Sheet  Series  No.  20.     Wiring 

Diagrams,  Heating  and  Ventilation, 

AND  Miscellaneous  Tables. 

Iron  and  Steel 
Reference  Series  No.  36.     Iron  and 
Steel. 
Reference   Series   No.   62.     Testing 

THE      HaBDNESS      and      DURABILITY      OF 

Metals. 

General  BeflBrence  Books 

Reference  Series  No.  35.  Tables 
AND  Formulas  for  Shop  and  Draft- 
ing-room. 

Data  Sheet  Series  No.  12.  Pipe  and 
Pipe  Fittings. 

Data  Sheet  Series  No.  17.  Mechan- 
ics and  Strength  of  Materials. 

Data  Sheet  Series  No.  18.  Beam 
Formulas  and  Structural  Design. 

Data  Sheet  Series  No.  20.  Wiring 
Diagbams,  Heating  and  Ventilation 
AND  Miscellaneous  Tables. 


Digitized  by  VjOOQ  IC 
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Vo.  60,  PTlaeiples  and  Prftctlo*  OV  Ab- 
■fmt»llji^  Mocliine  ToolSp  I'Lirl   I. 

Vo.  51.  Principle*  and  Practice  of  ▲«- 
•^xabllsg*  ifJiclLiae  TooU,  Pari  U. 

Vo.  63.  Advanced  Shop  ArlUun^tlo  for 
ill*  MftcMnist* 

Wo,  63.  ns«  of  XtoguiltliiiiB  ftnd  Iio^ax- 
lUunlo  Tabl«fl* 

Mo.  54.  Solntloii  of  Trlaa^Ieii  Part  I, 
— Mvthuds,  Rules  and  Examples, 

Xo.  55,  Solutioii  of  TxiAnfflM,  Fart  II. 
— Tables   of    Ntilural    FuaLtiijaa. 

Mo,  5e.  Ball  BeariiLflrs.^Prliicip]e9  of 
Design  arid  Construction. 

Mo.  57.  lft«tal  Spltmln^* — M  a  c  h  i  n  e  s. 
Tools  and  Methods   Used. 

Wo.  68.  B«UcaI  and  EUlptlc  Sprinri^— 
Calculation  and  iJfsign. 

iro.  59.  Machineit  Tools  and  Method* 
of  AatomobU*  Manufactiir«. 

Mo.  60.  Conatmctlon  and  M&3anf«€tnro 
of   Aatomobllea. 

Mo.  ei.  Blaoknalth  Bhop  Praotlot.^ 
M«»d*l  BlftcksmUli  Sh»^p;  Wcldln*?;  Forj?- 
InK  of   Hooks  and   Chains;   MlHCi^llan^oiiH 

Wo,  63.  Hardneii  and  BnrablUtr  Teat- 
in^  of  Metala. 

Mo.  63.  Heat  Treatment  of  Steel. — 
Ha  rdonlng,    Temper  i  n«.  Ca^t  -  Ha  nlon  I  r  i  k- 

Mo.  64.     Oft^e  MAldBff  and  X.&pplnff. 

Mo.  65,  Formulas  aad  Conataiite  fot 
QikM  Snglne  Heslgn. 

Wo.  66.  Seating  and  Ventilation  of 
Sliope  and  Offlcee. 

Mo.  67,    Boner*. 

Mo.  68.  Boiler  rnmacee  and  CMan* 
seyp. 

Mo.  69.     feed  Water  Appllaacee. 

Mo^  70.     Steam  XSn^inefl. 

Mo.  71*     Steam  Tarbinee. 
Bo.  73.     TMsn^a,  Gondensere,  Steam  and 
Water  Flplng. 

Mo.  73.  Principle e  and  Application ■  of 
Electricitjr.  P'^^t  1. — Static  Kl*-rtrjflty; 
Elettrltiil    Mca»ijri?mciits;    Hutttriea, 

MO,  74.  Frlnelplee  and  Application*  of 
Mleotzioity.  Purt  11. — Mai?Ti»>ilsni;  lilec- 
tru-Magnetium ;     Electro-Plating. 

Mo.  75,  Principle*  and  Application!  of 
Slectrldty,  Part  IIL— Dynnmos;  MotorB; 
Elrctric    Railways. 

Mo.  76.     Principles  and  AppUcatlone  of 
Electricity,    Part    IV.— Electric    LiKliting. 
MO.  77.     Frlneiples  and  Applioatton*  of 
Slectncity,   Part    \'  — Tt-legrapJi    nna   IV-b^ 
phfaie. 

^Mo.  T8.     PrinelpXe*  And  Application*  of 
Blectrieity,     Part    VL — Tratismlssidn     of 
power. 
or 
of 
vi 


Mo.  79*  Kooomotlve  Building,  Pari  I.— 
Main  and  Siiii-  K<^ds. 

Mo.  80.  lioco motive  Building,  Part  XL 
— Wheals;  Axles;  Driving  Boxes. 

Mo.  ei.  Iiocomotive  Bnlldinff,  Part  til. 
— Cylhidtjr.H    and    Frames. 

Bo*  83.  XtOcomotlYe  Bmildlnff,  Part  IV. 
— Valve  Motiun. 

Bo.  83.  Xiooomotlye  Bttildlng^,  Part  V. 
— Boiler    8)iop    Practice. 

Mo.  84.  X^comotive  Bnilding-,  Port  YL 
—Erecting. 

Mo.  85.  Medianical  Brawlnri  Part  I. 
^-InHtriiments;  Mnierinls-  Ueomeirlcal 
Problems, 

Bo.  86.     Meobaolcal   Drawing',   Part   II. 

—  projection. 

Mo,  87.     Mechanical  Drawing,  Part  IIL 

—  Muchine  Dt'tail«, 

Bo.  88.     Mechanical  Drawini:,  Part  IV. 

—  Machinii    Details. 

Mo.  89.  Tbe  Thmorf  of  Shrinkar*  and 
Forced   Pit*. 

Mo,  &0,     maUway  Be  pair  Stoop  Practice. 

Mo.  91.  Operation  of  Kaclilne  Tool*'— 
TIh-    UatJie,   Purl    1, 

Bo.  93.  Operation  of  Machine  Tool** — 
Tlic   Lathe,   Purt  II. 

Mo.  93*  Operation  of  Machine  Vool*. — 
Pliuier,  Shapf^r.   Sli>ttcr, 

Bo.  94.  Operation  of  Machine  Tool*. — 
Drilling'    MachliicH, 

Mo.  95.  Operation  of  Machine  Tool*. — 
Boi  IriK  M.aclilnes. 

Mo.  96.  Operation  of  Machine  Tool*. — 
Miinng  Machines.  Part  1. 

MO.  97.  Operation  of  Machine  Tool*. — 
MUhiiK  Macliines,  Part  IL 

Mo.  98.  Operation  of  Machine  Tool* — > 
<t rinding  Machines. 

Bo.  99.  Antomatic  Sor*w  Machine 
Practice,  Part  1. — Ope  rat  ion  of  the  Brown 
vV:   Shjirpe  Automat it^  Screw   Machine. 

Bo.  100.  Antomatic  Screw  Machine 
Practice,  Part  IT.— Desljsrntriff  and  I'utttnK 
CamH    for   llio   Automatic   Screw    Math  hie. 

Bo.  101.  Antomatic  Screw  Machine 
Practice^  Pitrt  III  — I'lreular  t'^'orminK  and 
Cyl-oft  Tools, 

Bo.  102.  Antomatic  Screw  Machine 
Practice,  Part  l\\ — Kxtf*rnal  I'utllhfi: 
To->l*?. 

Bo.  103.  Antomatlo  Screw  Machine 
Practice,   Piirt   \' — Intprnal  Cutting  Tool  a. 

Bo.  104.  Antomatlo  Screw  Machine 
Practice,   I'art   VI. — Threadin*^  OperatlonH, 

Bo.  105.  Antomatic  Screw  MachiTie 
Practice,    rixti    VH.   -Ko^hrlintr   Opt-nn  Imhs. 

Bo.  106.  Antomatic  Screw  Machine 
Practice,  F*art  VIII. — Cross  Drilling,  Burr- 
ing and   Slutting  Dpenitions. 


ADDTTTONAIi  TTTLBS  WIU:i  BB  ANKOUNCBD  IN   MACfHTNgBT  FROM  TIMK  TO  TIME 

MACHINERY'S    DATA    SHEET    SEEIES 


^L      one 


MAcni^^KRY'p  Data  Sheet  Books  Jncliide  the  well  known  series  of  Data  Sheete 
originated  by  MArniMiUY,  and  Issued  monthly  aa  supplementa  to  tti*^  publication: 
of  these  Data  Sheets  over  500  hav*j  been  published,  and  6,OIJU,UUO  copies  sold.  Re* 
vised  and  greatly  atniJHfied.  they  are  now  prt^senied  in  book  form,  kindred  sub- 
jects being  grouped  together.  The  purchaHer  may  secure  either  the  books  OB 
those  subjects  In  which  he  Is  specially  Interested,  or,  If  he  pleases,  th^  whole  set  at 
one  time.  The  price  of  each  book  is  25  centa  (one  BhilIin(S|jtizd^i^^*^^O^T^ero 
in  th«  world. 


CONTENTS  OF  DATA  SHEBT  BOOKS 


HO.  1.  Screw  Tlif«iids. — Unltotl  States, 
WJiltworth.  Sharp  V-  an*l  British  Associa- 
tion Standard  Threads;  Brigg^a  Pipe 
Thread;  OH  VVgII  Caslnjf  Gagps;  Ftre  Howe 
Connections;  Acme  Thread;  Worm 
Threads;  Metric  Thrmids;  Machine.  Wood, 
and  Lag  Screw  Throada;  Carriage  Bolt 
Threada,  etc. 

VOi  8.  Screwa,  Baits  and  Vntc. — FII^ 
Hater-head,  Square-head,  Headless.  Col- 
lar-liead  and  Hexit^on-head  Screws;  Stand- 
ard and  Special  Nuts;  T-nuts.  T-boita  and 
Washers;  Thumb  Screws  and  Nuts;  A.  L#, 
A.  M,  Standard  Screws  and  Nut»;  Machine 
Screw  Heads:  Wood  Screws;  Tap  Drills; 
L*x'k  Nula;  Eye-hidts,  etc. 

Wo-  3.  Taps  and  ni«i.^Hand,  Machine, 
Tapper  and  Machine  Screw  Taps;  Taper 
Die  Taps;  Sellers  Ho  lis;  Screw  Machine 
Taps;  Straight  and  Taper  Boii?r  Tiips; 
Stay-bolt.  Washout,  and  Patch-bolt  T;^p!** 
pipe  Tapa  and  Hobs:  Solid  Square*  Round 
Adjustable  and  Spring  Screw  Threading 
I"  ten. 

Ho.  4.  meamet-B,  Sockets,  nrillv  and 
KmiiUr  Ontter*. — Hand  Itcamers;  Sljell 
HeamerB  and  Arbora;  Pipe  Reatners;  Tap*  r 
Pins  and  Reamers;  Brown  &  Sharp<% 
llorse  and  Jarno  Taper  Soekcts  and  Ream- 
ers; Drills;  Wlr<>  Ga^es;  Milling  Cutters; 
Setting  Angles  for  Milling  Teeth  in  End 
Mills  and  Angular  Cuttera,  etc. 

Ko.  5.  Spar  Cl«ailn|r. — Diametral  and 
Circular  Pitch;  Dinienslona  of  Spur  Gears; 
Tables  of  Pitch  DlameterB;  Odontograph 
Tables;  Rolling  Mill  Gearing;  Streogtii  of 
Bpur  Gears;  Horsepower  Transmitted  hy 
Cast-Iron  and  llawhide  Pinions:  Design  of 
gpur  Gears:  Welght,,i^f  Cast-Iron  Gears; 
Eplcycllc  Gearing, 

Vo.  B,  B«v6l,  ^plfal  and  Worm  Ckar* 
inir* — Rules  and  I-^frniuias  for  Bevel 
Ge^trs;  Strength  of  iievei  Gears;  Desigtl 
of  Bevel  Gears;  Rules  and  Formula  a  for 
Spiral  Gearing;  Tables  Faellltatlnjif  Calcu- 
l&UonB;  Diagram  for  Cut  I  era  for  Spiral 
Gears;  Rules  and  Forruuiaa  for  Worm 
Gearing,  etc. 

Vo.  7.  eniaftlnBr,  ICeyi  and  K^jwAjm. — 
Horaepower  of  Shafting;  Diagrams  and 
Tables  for  the  Strength  of  Shafting; 
Forcing,  Driving,  Shrinking  and  Running 
Fits:  WoodrufT  Keys;  United  St^ites  Navy 
Standard  Key.s;  Gib  Keys;  Milling  Key- 
T^aya;   Duplex  Keys. 

Ho.  8.  BQOTin^s,  Coapling-s,  Glntchts, 
Cfane  Chain  and  Books. — F'illow  Bloelts; 
Bahbitttxl  liearini^K;  isall  and  Roller  Bear- 
JngH;  Clamp  CoupiinKs;  Plate  Couplings; 
Flange  Couplings;  Trjntb  Clutches:  Crab 
Couplings:  Cone  Clutches:  Universal 
Jcdnls;  Crane  Chain:  Chain  Friction; 
Crane  Hooks;  Drum  Soores. 

Uo.  9.  SpTlnjrii  Slides  and  Mactiln* 
Details. — For mn ins  and  Tables  for  Spring 
Calciila  lions:  Machine  Slides;  Murhln^i 
Hamlles  and  Levers;  Collars;  Hand 
Wheels;  Pins  and  Cotters;  Turn-bucklea. 
etc. 

Ho.  1{>.  Motor  Brl^e,  Speeds  and  FeedSp 
Clinnge  Oeartng«  and  Boring  Bars.^rnurr 
required  ft>r  Macliine  Triols:  Cut  ting 
Speeds  and  Feeds  for  Carbnn  iind  Hiq^h- 
speed  Stiel:  Screw  Maehino  Speeds  jind 
Feeds;     Heat     Treatment     of    Hlgli-tepeed 


Steid  Tools;  Taper  Turning:  Chanir«  O^tf^ 
Ing  for  the  Lathe;  Boring  Bars  and  Tools. 
etc.  ' 

Mo.  11.  ICUJinff  liaoiLlne  Zndeslar* 
Clamping  Sevloes  and  Flaner  Jacks. — 
Tables  for  Milling  Machine  Indexing; 
Change  Ge^irs  for  Alilling  Spirals;  Angles 
for  selling  Indexing  Head  when  MllMntf 
Clutches;  Jig  Clamping  Devices;  Straps 
and  Clomps;  Planer  Jacks. 

Ho.  la,    pips  and  Flpa  Ptttinfa. — pipo  , 
Threada    and    Gages;    CaatdronFittlngs; 
Bronze     Fittings;      Pipe     Flangea;      Pip©  i 
Bends;  Pipe  Clamps  and  Hangers;  Dimett* 
jslons  of  Pipe  for  Various  Strvlces.  etc 

Ho.  13,  Bollsr3  and  Ckimneys. — ^Flu«  J 
Spacing  and  Dracing  fur  Boitera;  Strength  f 
of  Boiler  Joints;  Riveting;  Boiler  Setting;  i 
Chlmney^g, 

Ho.  14,  Itocomotlirs  and  mallwar  Data.  \ 
^Locomotive  Boilers;  Bearing  Pressurra 
for  Locomotive  Journals;  Locomotive 
Classincalions;  Rail  Sections;  Froga, 
Switches  and  Cross-overs;  Tires;  Tractive 
Force;  Inertia  of  Trains;  Brake  Levers; 
Brake  Rods,  etc 

Ho.  16.  Steani  and  Gas  X;n|rln«s. — Sat- 
urated Steam;  Steam  Pipe  Blaes:  Steam 
Engine  Design;  Volume  of  Cylinders; 
Stuffllng  Boxes;  Setting  Corliss  Engine 
Valve  Gears;  Condenser  and  Air  Putn^ 
Data:  Horsepower  of  Gasoline  Engine; 
Automobile    Engine    Crankshafts,    ate* 

Ho.  IS.  lUthsmatical  Talplas.— Srit)iir«a 
of  Mixed  Numbers;  Functions  of  Frac- 
tions;  Circumference  and  Diameters  of 
Circles;  Tables  for  Spacing  oflf  Circles* 
Solution  of  Triangles;  Formulas  for  Solv* 
Ing  Rci^ular  Polygons;  Geometrical  Ppo- 
grcasioii,  etc 

Ho.  17.  Mschaalot  and  Strsnftb  of  IBM 
t^rials. — Work;  Bhiergy;  Cent-ifugml 
Force;    Center   of   Gravity;    M'  "^ri©- 

tion:  pendulum:  Falling  Bodi  ,'tii 

of    Materials;    Strength    of    I  lea; 

Ratio  of  Outside  and  Inside  Had  11  of 
Tliiek  Cylinders,  etc. 

Ho.  18.  B«am  Formnlas  and  Stmotnimi 
Design. — Beam  Formulas;  Sectional  Mod* 
ull  of  Structural  Shapes;  Beain  Cbarta; 
Net  Areas  of  Structural  Angles;  Rivet 
Spacing;  Splices  for  Ch.innels  and  I- 
beams;   Stresses   In  Roof  Trusses,  etc 

Ho.  19.  Bslt,  mops  and  Chain  DrlTSs,*— ^ 
Dimensions  of  Pulleys;  Weights  of  Pul- 
leys; Horsepower  of  Belting;  Belt  Veloc- 
ity; Angnlar  Belt  Drives;  Horsepower 
transmitted  by  Ropes;  Sheaves  for  Ropo 
Drive;  Bending  Stresses  In  Wire  Ropes; 
Sprockets  for  Link  Chains;  Formulas  and 
Ttjbles  for  Various  Classes  of  DrU^lar 
Chain. 

Ho.  dO.  Wiring  Diagrams,  Heating  and 
Tentllallon,  and  MiBcellaneone  Tables. — 
Typlial  Motr^r  Wirln*,'  IMa^niniM;  Resist* 
oncL*  of  Hound  Copper  Wire;  Rubber  Cov- 
ered Cables;  Currnnt  Densities  for  Varl- 
fius  Contaris  and  Materials;  Centrifugiil 
Fan  and  Blower  Capacities;  Hot  Water 
Mriin  Cnpneitles;  Miscellaneous  Tables; 
Decimal  Ktjulvalents.  Metric  Conversion 
Tables,  Weights  and  Specific  Gravity  of 
Metals.  Weights  of  Fillets,  Drafting-rootn 
Con  vent  Ions,    etc. 


MAfHiXKitY,  the  monthly  mechanical  jotirnal,  orl^nator  of  the  ReferenciB  and 
Data  Sheet  Series,  is  published  in  four  editions— the  Shop  Edition,  11.00  a  year; 
the  Ejiginvering  Edition,  |2.00  a  year;  the  Railway  Edition,  |2.00  a  year,  and  ttis 
Foreign  Edition,  |3.00  a  year* 

The  Industrial  PresSt  Publishers  of  Machinery, 
49-56  Lafayette  Street.  Ne^gS^^^jdStWOgfeS.  A, 
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MACHINERY'S  REPEBENCE  BOOKS 


This  treatlsp  la  one  unit  In  a  compreheaaJve  Series  of  Reference  liouka  originated 
by  MAcHiNKiiv,  and  including  an  indefinite  n^imber  of  compact  unit8»  each  covering 
one  subject  thoroughly.  The  whole  series  comprises  a  complete  working  library 
of  mechanical  literature.  The  price  of  each  hooka  is  25  cents  (one  ahllling)  de- 
livered anywhere  In  the  world. 

LIST   OP   HEFEBENCE    BOOKS 


Vo.  1.  WoEiu  HaiirtJif. — Calciilatiiii^  Di- 
mensions; Hobs  ;  Location  of  F*itch  Ctr« 
cle;   Self-LockiniT    Wtirm   Gfurin^f.    etc* 

Ho.  3>  Draf  tiug'-Vooiii  Fr»otio«  # — 
SyBtems;  Tracing,  Letttrln^  and  Mount- 
ing. 

Ho.  3,  nrm  Jlf«— Principles  of  Drill 
Jigs;   Jig   J-'lates;    Exiimpitia   of  Jigs. 

MO.  4.  MUliag-  Pl»tTiT»»,— Principles  of 
Fixtures;   EuH^amples  of   Deglgn. 

Wo.  5.    71rst  PrlaoiplSB   of   Tli»or«tlcBl 

Mo.  6.  Fniich  and  Die  Work.— Pri net- 
plea  of  Punch  and  Die  Work;  Making  and 
uafng  Dies.   l>le  and  Punpii   Design. 

Mo.  7.  I^Hthe  uid  Flaner  Tool».~Cut- 
tlng  Tools;  Borhig  Tools;  Sh;ip*'  of  Stan- 
dard Sliop  Tools,   Forming  Tools. 

Mo.  a.  WorkliiK'  Uttkwingm  and  Draft* 
In ff  Boom  Xli^kp. 

Mo.  9.  Ddilg^tng^  and  CtLttlnf  Ommm — 
Drafting  of  Cams;  Cam  Curves;  Cam  De- 
sign and  Cam  Cutting. 

Mo.  10.  Xtsamplea  of  iCacliiiit  Shop 
7factlo«.'-4^utting  Bevel  Geara;  Making 
a   Wurm-Gear;  Spindle  ConHtruclion. 

Mo*  11.  Baarln^. — DeaiRn  of  Bviir- 
lnj4a;  CjJiist^f?  of  Hnt  Bciirlnga;  Alloys 
for  Bearing^;  Frirtlon  and  Lubrication, 
Mo.  12-  Out  of  prlnL 
Mo*  13.,  Blanking'  DUs. — Making  Blank- 
ing Dlo8;  BlankluK  iirHl  F'i^'rclnR'  Dtps; 
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Automatic  Screw  Machine  Practice  for  the  Brown  ft  Sharpe  auto- 
matic screw  machines  is  covered  in  eight  Reference  Books,  Nos.  99  to 
106,  inclusive.  Reference  Book  No.  99,  "Operation  of  the  Brown  ft 
Sharpe  Automatic  Screw  Machines/'  deals  with  the  construction  of 
these  machines  and  the  setting-up  of  the  tools.  No.  100,  "Designing  and 
Cutting  Cams  for  Automatic  Screw  Machines,"  gives  detailed  instruction 
on  cam  design,  and  describes  a  simplified  method  for  milling  cams. 
No.  101,  "Circular  Form  and  Cut-off  Tools  for  the  Automatic  Screw 
Machine,"  deals  with  the  general  arrangement  and  the  calculations  of 
these  tools,  and  describes  the  difTerent  methods  employed  in  their 
making.  No.  102,  "External  Cutting  Tools  for  the  Automatic  Screw 
Machine,"  deals  with  the  design  and  construction  of  box-tools,  taper 
turning  tools,  hollow  mills,  and  shaving  tools.  No.  103,  "Internal  Cut- 
ting Tools  for  the  Automatic  Screw  Machine,"  deals  with  centering 
tools,  cross-slide  drilling  attachments,  counterbores,  reamers,  and  re- 
cessing tools.  No.  104,  "Threading  Operations  on  the  Automatic  Screw 
Machine,"  treats  on  cam  design  for  threading  operations,  threading 
dies,  taps  and  tap  drills,  die  and  tap  holders,  and  thread  rolling.  No. 
105,  "Knurling  Operations  on  the  Automatic  Screw  Machine,"  describes 
the  construction  of  knurling  holders,  and  gives  directions  for  the  mak- 
ing of  knurls  and  the  design  of  tools  and  cams  used  in  connection  with 
knurling  operations.  No.  106,  "Milling,  Cross-drilling  and  Burring 
Operations  on  the  Automatic  Screw  Machine,"  describes  screw-slotting 
attachments,  index  drilling  attachments,  and  burring  attachments,  giv- 
ing directions  for  their  use  and  for  the  design  of  xs&ms  for  them. 
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CHAPTER  I 


MILLING  ATTACHMENTS 

One  of  the  most  commonly  used  milling  attachments  for  the  Brown 
4b  Sharpe  automatic  screw  machines  is  the  screw-slotting  attachment. 
This  attachment,  shown  at  A  in  Fig.  1  is  fastened  to  a  boss  provided 
for  this  purpose  on  the  machine.  The  apron  B,  which  is  also  an  addi- 
tional part,  carries  the  arbor  C  to  which  the  transferring  arm  F  is 
attached.  The  transferring  and  advancing  cam  levers  D  and  E  are 
also  fastened  to  bosses  on  this  apron.  These  levers  are  operated  by 
the  advancing  and  transferring  cams  J  and  K.  The  block  H  is  fast- 
ened to  the  arm  F,  and  a  slotting  bushing  to  carry  off  the  screw  is 


piff.  1. 


No.  00  Brown  A  Sharpe  Automatic  Screw  Machine  equipped  with 
a  Sorew-slottinar  Attachment 


driven  into  it.  This  bushing  grips  the  screw  and  holds  it  while  the 
Blotting  saw  G,  held  on  an  arbor  and  driven  from  pulley  /  through 
bevel  gears,  mills  the  slot  in  the  head.  The  pulley  /  is  driven  by  a 
round  belt  from  the  overhead  works.  The  design  and  action  of  this 
device  is  described  in  detail  in  Machinery's  Reference  Book  No.  100, 
"Automatic  Screw  Machine  Practice — Designing  and  Cutting  Cams 
for  the  Brown  &  Sharpe  Automatic  Screw  Machine,"  where  the  laying 
out  of  cams  for  this  device  is  also  described. 

Slottinff-buBhingra 

The  method  of  holding  the  screw  when  presenting  it  to  the  saw  In 
the  screw  slotting  attachment  is  of  special  importance.  In  Table  I  is 
shown  the  standard  form  of  slotting-bushings  used  for  holding  fillis- 
ter- and  fiat-head  screws.  The  type  of  slotting-bushing  used  for  round- 
or  button-head  screws  is  similar  to  that  shown  for  the  fillister-head 
screw,  except  that  in  some  cases  the  bushing  is  not  counterbored  for 
the  head  of  the  screw.    The  proportions  for  slotting-bushings  for  the 
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various  sizes  of  Brown  &  Sharpe  automatic  screw  machines  are  also 
given  in  Table  I.  The  diameter  of  the  hole  A  governs  the  diameter 
B  of  the  front  end  of  the  bushing,  and  also  of  the  hole  D.  These  sizes, 
of  course,  pertain  only  to  bushings  for  standard  screws,  the  slotting- 
bushing  being  made  to  suit  the  work  as  desired.  The  diameter  A 
should  be  made  from  0.001  to  0.0015  inch  larger  than  the  screw  diam- 
eter, while  the  diameter  a  should  be  made  from  0.002  to  0.003  inch 
larger  than  the  diameter  of  the  shoulder  or  head  of  the  screw,  as  the 
case  may  be. 

When  a  bushing  is  to  hold  a  shouldered  screw,  and  when  the  length 
of  the  shoulder  is  greater  than  or  equal  to  the  diameter  of  the  shoulder. 


TABLB  I.    PROPORTIONS  FOR  SZiOmKO-BUSHINOS 


•LOT  FOR  EJECTOR  WHEN 
ASSEMBLED  IN  MACHINE 
mEVIOUS  TO  HAROENINO . 


,FA£e  OP  TIIAH«FEimiNO  BLOCK 


i^--ji-— H— — ^ 


MACHINE  PREVIOUS  TO  HARDENING 

MaeMnery^N.r. 


Mch. 
No. 


00 


AtoA 
Atoi 


i 

A 


0.450 
0.450 


0.476 
0.476 


i  toi 
i  to  I 


0.600 
0.600 


0.681 
0.681 


n 


A  to  A 
Atoi 


I 

A 


0.750 
0.750 


0.792 
0.792 


the  diameter  A  is  made  to  fit  the  body  of  the  shoulder  instead  of  the 
body  of  the  threaded  part  of  the  screw.  When,  the  length  of  the 
shoulder  is  less  than  the  diameter,  the  bushing  is  made  to  fit  both 
the  shoulder  and  the  body  of  the  screw.  The  screw  head  should  also 
fit  in  the  counterbored  hole  in  the  bushing.  The  distance  between  the 
shoulders  on  the  screw  should  always  be  less  than  the  distance  be- 
tween the  shoulders  in  the  bushing,  so  that  the  screw  head  alone  will 
bear  against  the  shoulder  in  the  bushing.  The  distance  d  on  the 
bushing  for  flat-head  screws  should  be  made  equal  to  one-half  the 
thickness  of  the  head,  when  the  body  of  the  screw  is  greater  than 
%  inch.  When  the  body  of  the  screw  is  less  than  this,  the  head,  as 
a  rule,  is  usually  sunk  the  full  depth  in  the  slotting-bushing.  The 
corner  c  should  only  be  beveled  when  the  diameter  of  the  counter- 
bored  hole  A  will  permit,  otherwise  the  corner  should  not  be  beveled, 
but  rounded  slightly. 
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MILLING  ATTACHMENTS  5 

Slotting-bushings  are  usually  made  from  tool  steel,  and  are  not 
hardened  until  the  cams  have  been  tried  out  and  the  whole  equipment 
is  completed.  The  slot  for  the  ejector  is  cut  before  the  bushing  is 
inserted  in  the  transferring  block,  and  the  slot  for  the  saw  in  the 
bushing  for  fiat-head  screws  is  cut  when  the  bushing  is  held  in  posi- 
tion in  the  transferring  block.  When  a  bushing  is  to  hold  a  fillister- 
head  screw,  the  slotting  saw  does  not,  as  a  rule,  touch  the  bushing 
at  all,  the  depth  of  the  counterbore  5  in  the  bushing  being  slightly 
less  than  the  difference  between  the  depth  of  the  slot  and  the  thick- 
ness of  the  head  of  the  screw.  The  dimension  F  is  not  taken  at  the 
shoulder  of  the  bushing,  but  is  the  largest  diameter  of  the  taper  hole 
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Vlg.  9.    Derloo  tor  Looatlnff  Baxaffon-bead  Borews  in  the  Slottlnff-buahlnir 

in  the  transferring  block.  This  allows  the  bushing  to  be  driven  tightly 
into  the  block,  1/32  inch  being  allowed  for  driving.  It  is  customary, 
however,  to  make  the  dimension  F  slightly  larger  than  necessary  and 
fit  it  into  the  block  when  trying  out  the  job.  The  bevel  in  the  bush- 
ing for  holding  flat-head  screws  is  made  to  suit  the  included  angle 
of  the  head,  the  angle  shown  being  that  adopted  by  the  A.  S.  M.  B. 

Slotting  Hexagon- head  Screws 
When  the  slot  in  the  head  of  a  hexagon  screw  has  to  bear  some 
definite  relation  to  the  sides  of  the  head,  it  is  necessary  that  the 
screw  be  located  in  an  exact  position  In  The  slotting-bushing.  The  bush- 
ing for  holding  the  screw  has  usually  an  impression  in  it,  which  fits 
the  hexagon  head,  but  It  is  often  difficult  to  get  the  screw  to  locate 
properly  in  the  bushing.  If  the  bushing  Is  forced  onto  the  work  when 
it  Is  attached  to  the  bar,  the  screw  will  seldom  be  correctly  located  in 
the  hexagon  hole,  but  the  corners  of  the  head  will  be  torn  off,  and  the 
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Bcrew  broken  off  before  it  is  severed  from  the  bar.  To  obviate  this 
difEtculty,  some  device  must  be  employed  for  locating  the  screw- 
in  the  bushing,  after  it  has  been  severed  from  the  bar. 

A  device  which  is  used  for  locating  a  hexagon-head  screw  in  the 
filotting-bushing  is  shown  in  Fig.  2,  where  the  screw  and  slotting- 
bushing  are  also  shown.  This  device  consists  of  a  cast-iron  bracket  A» 
which  is  held  on  the  slotting  attachment,  being  retained  in  position 
with  the  same  screws  that  hold  the  slotting  attachment.  Held  in  the 
boss  of  bracket  A  is  a  holder  B  to  which  is  attached  the  locater  0. 
This  consists  of  a  piece  of  sheet  steel  about  1/16  inch  thick,  held  on 
a  pin  D  and  free  to  swivel.  Pressing  against  this  locater  is  a  spring 
E  which  forces  the  locater  against  the  stop  pin  F.  A  screw  O  acts  as 
a  stop,  being  adjusted  in  or  out  as  desired  to  locate  the  head  of  the 
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Flff.  3.    Another  HexAffon  8or«w  Locatlnff  DefTloo 

screw  against  the  shoulder  in  the  bushing,  and  also  acting  as  a  stop 
for  the  locater  C. 

In  operation,  as  the  screw  is  removed  from  the  chuck  by  the  slotting 
bushing,  the  arm,  in  ascending,  is  brought  to  dwell  in  an  intermediate 
position,  and  is  then  advanced  towards  the  locater  C.  As  this  locater 
is  beveled,  the  screw  forces  it  up,  and  the  action  of  the  spring  turns 
the  screw  around  in  thd  bushing,  so  that  the  hexagon  head  is  located 
properly,  the  arm  at  the  same  time  advancing  and  forcing  the  screw 
in  to  the  desired  depth.  The  method  of  designing  the  transferring, 
cam  to  dwell  in  this  intermediate  position  will  be  described  in  connec- 
tion with  the  burring  attachment,  in  another  chapter. 

In  Fig.  3  is  shown  a  device  for  locating  hexagon-head  screws  in  the 
slot  ting-bushing  which  differs  somewhat  in  principle  from  that  shown 
in  Fig.  2.  This  device  consists  of  a  cast-iron  bracket  A,  which  is 
fastened  to  the  slotting  attachment  as  previously  described.  The 
bracket  is  provided  with  a  phosphor-bronze  sleeve  B,  in  which  a  spindle 
C  is  free  to  rotate.    Keyed  to  the  spindle  C,  and  held  by  a  nut  A  is  a 
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grooved  pulley  E,  which  is  driven  by  a  ^-inch  round  belt  from  the 
overhead  works.  Held  in  the  spindle  C  is  a  spring  pTunger  F,  which 
Is  pressed  forward  by  an  open-wound  spring  O,  This  spring  plunger 
is  prevented  from  rotating  by  a  pin  H,  which  fits  in  an  elongated  slot 
I,  cut  in  the  spindle  C. 
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Flff.  4.    BlAbblnff  Attachment  used  on  Sorew-elottlnir  Attaotament 


In  operation,  as  the  slotting-bushing  lifts  the  screw  from  the  chuck, 
the  arm  dwells  in  an  intermediate  position,  travels  forward  and  presses 
the  screw  against  the  rotating  plunger  F.  As  this  plunger  is  driven 
slowly,  and  as  the  arm  is  advanced,  the  friction  between  the  head  of 
the  screw  and  the  plunger  rotates  the  former.  On  the  continued  for- 
ward travel  of  the  arm,  the  screw  is  located  correctly  in  the  bushing 
and  forced,  in  to  the  correct  depth.    The  screw  and  the  slotting  bushing 
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used  for  holdine  it  are  shown  in  the  illustration,  where  the  principal 
dimensions  on  tne  slotting-bushing  are  also  given. 

Slabbing  Attachment 

A  slabbing  attachment  which  is  fastened  to  the  ordinary  screw- 
slotting  attachment  is  shown  in  Fig.  4.  The  screws  which  hold  the 
slotting  attachment  to  the  frame  of  the  machine  are  removed  and  the 
slabbing  attachment  A  is  seated  on  the  top  face  of  the  base  of  the  slot- 
ting attachment.  The  screws  are  again  inserted,  and  the  slabbing  at- 
tachment fastened  in  position.  The  main  body  of  the  attachment  is 
an  iron  casting,  and  a  boss  on  it  is  bored  out  to  receive  a  plunger  B  to 
which  is  attached  a  guide  or  ejector  C,  The  plunger  B  is  riveted 
to  this  guide  member  C,  and  a  coil  spring  D  is  located  behind  the 
shoulder  of  the  plunger  to  keep  it  out. 

Two  set-screws  E  and  F  with  lock-nuts  are  provided  for  guiding  the 
member  C.  This  guiding  or  ejecting  member  C  has  an  elongated  hole 
bored  in  it,  fitting  over  the  saw  arbor,  so  that  the  ejector  can  be  forced 
back  by  the  piece  when  it  is  being  advanced  to  the  slabbing  saws  by 
the  transferring  arm.  The  front  face  of  the  ejector  C  is  knurled,  so 
that  the  piece  is  prevented  from  rotating  in  the  slotting-bushing  when 
the  saws  H  and  /  commence  to  cut.  This  attachment  is  driven  in  the 
same  manner  as  the  ordinary  screw-slotting  attachment,  and  the  bush- 
ing in  which  the  work  is  held  while  being  slabbed  is  also  of  a  similar 
type.  Of  course,  the  exact  shape  of  the  bushing  would  depend  entirely 
on  the  shape  of  the  work.  In  the  lower  view,  the  driving  mechanism 
has  been  removed  to  show  the  slabbing  attachment  more  clearly. 

Spindle  Indezinff  Device       * 

A  device  which  con-verts  the  Brown  &  Sharpe  automatic  screw  ma- 
chine into  a  milling  machine  Is  shown  in  Fig.  5.  This  device  was 
designed  for  making  a  special  piece,  which  is  shown  at  A  in  Fig.  6, 
where  the  cams  for  making  the  piece  are  also  shown. 

To  apply  this  device  to  the  automatic  screw  machine,  the  pulleys 
A  and  B  shown  in  Fig.  7  are  removed,  as  is  also  the  clutch  mechanism. 
The  outer  sleeve  A  of  the  attachment  shown  in  Fig.  5  is  then  slipped 
over  the  regular  spindle.  This  sleeve  is  cast  integral  with  a  bracket  B, 
the  lower  end  of  which  is  located  on  the  shaft  C  shown  in  Fig.  7. 
This  shaft  Is  part  of  the  belt-shifting  arrangement  which  is  used  for 
obtaining  two  different  speeds  for  the  spindle  when  threading  steel. 
The  attachment  is  driven  from  the  rear  driving-shaft  by  the  ordinary 
gears  D  and  E  which  drive  the  belt-shifting  arrangement  as  shown  in 
Figs.  5  and  7.  A  35-tooth  gear  D  is  placed  on  the  driving  shaft,  which 
meshes  with  a  70-tooth  gear  E  located  on  the  shaft  C.  On  the  same 
shaft  is  an  80-tooth  gear  driving  an  80-tooth  gear  F  on  the  stud  O. 

A  trip  and  indexing  mechanism  somewhat  similar  to  that  used  on 
the  turret,  is  used  here  for  indexing  and  locking  the  spindle.  The  80- 
tooth  gear  H  meshes  with  a  40-tooth  gear  K  keyed  to  the  sleeve  L  held 
on  the  spindle.  This  sleeve  has  two  holes  drilled  in  it,  in  which  the 
plunger  M  fits.     A  spring  N  behind  this  plunger  keeps  it  in  contact 


Digitized  by  VjOOQ  IC 


MILLING  ATTACHMENTS 


Digitized  by  ^ 


ioogle 


10 


No.  106-SCREW  MACHINE  PRACTICE 


with  the  sleeve  L.  This  sleeve  L  is  fastened  to  the  main  driving- 
spindle  of  the  machine  by  a  set-screw  O.  This  attachment  is  operated 
as  follows: 

The  dog  on  the  drum  held  on  the  front  cam-shaft,  is  set  to  trip  the 
lever,  which,  when  tripped,  operates  the  tooth-clutch  P.  Fig.  7,  thus 
rotating  the  rear  driving-shaft.  As  the  rear  driving-shaft  rotates  at 
180  R.  P.  M.,  the  gear  D  will  revolve  at  the  same  speed,  while  the  gear 
E  will  revolve  at  90  R.  P.  M.,  and  will  transmit  a  speed  of  90  R.  P.  M. 
to  the  gear  F.    This  gear  F  carries  a  cam  Q,  and  a  roller  attached  to 
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Fiff,  O.    Lay-out  of  a  Set  of  Ornxna  Cor  Making  a  Piece  requlrlxMr  the 
Indexing  of  the  Work*splndle 

the  lever  R  runs  on  this  cam.  Then  when  the  dog  trips  the  lever,  the 
driving-shaft  rotates,  thus  driving  the  gears,  which  in  turn  rotate  the 
cam  Q,  As  the  cam  Q  is  rotated,  the  arm  R  is  moved  in  the  direction 
indicated,  which  action  withdraws  the  pin  M  from  the  bushing  L.  Now 
at  the  same  time  that  the  pin  M  is  withdrawn,  the  roller  8  comes  in 
contact  with  the  slot  T  in  disk  /  held  on  the  stud  J,  thus  rotating  the 
disk  on  one  quarter  turn.  This  disk  is  provided  with  four  slots  T, 
and  as  this  indexing  device  requires  to  be  indexed  180  degrees  to  bring 
each  part  of  the  piece  into  position,  the  disk  /  is  moved  two  spaces 
before  another  dog  on  the  drum  trips  the  lever  that  disengages  the 
tooth-clutch  P,  Fig.  7. 
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Referring  to  Fig.  6,  it  will  be  seen  that  the  piece  to  be  made  has 
two  lugs  on  it  designated  a  and  h.  The  stock  from  which  this  piece 
is  made  is  of  special  shape,  so  that  its  outside  circumference  does  not 
require  to  be  finished;  the  lugs  a  and  h  are  to  be  formed,  drilled  and 
slotted.  The  work  is  not  revolved,  but  is  only  indexed  to  bring  the 
stock  into  position  for  forming  the  two  lugs.  To  turn  these  lugs,  the 
turret  is  packed  out  an  amount  equal  to  one-half  the  distance  between 
the  center  of  the  two  lugs,  and  drilling  attachments  are  used  in  the 
turret  for  holding  hollow  mills  and  drills.  The  order  of  operations 
is  as  follows: 

Order  of  Operations  RevdiitioiiB       Hundredths 

Feed  stock  to  stop 4^^  1 

Revolve  turret  12  2% 

Rough  turn  lug  a  with  hollow  mill  held  in 

drilling  attachment,  speed  684  R.  P.  M.  at 

0.0025  inch  feed    43  9 

Index  spindle  and  revolve  turret 12  2% 

Rough  turn  lug  h  with  hollow  nlll  held  in 

drilling  attachment,  speed  684  R.  P.  M.  at 

0.0037  inch  feed   28  6 

Revolve   turret    12  2% 

Center  and  face  lug  h  with  centering  tool  held 

in  drilling  attachment,  speed  684  R.  P.  M. 

at  0.0013  inch  feed  to  center  and  0.0008  inch 

feed  to  face   62  13 

Revolve  turret  12  2% 

Finish  turn  lug  h  with  hollow  mill   held  in 

drilling  attachment,  speed  684  R.  P.  M.,  at 

0.005  inch  feed   19  4 

Index  spindle  ; 12  2% 

Finish  turn  lug  a  with  hollow  mill  held  in 

drilling  attachment,  speed  684  R.  P.  M.,  at 

0.005  inch  feed   19  4 

Revolve  turret  and  index  spindle 12  2% 

Drill  hole  in  lug  h  with  drill  held  in  drilling 

attachment,  speed  3655  R.  P.  M.  at  0.0013 

inch  feed   12  2%  • 

Pull  out  drill  to  remove  chips 14  3 

Finish  drill  hole  in  lug  h  with  drill  held  in 

drilling  attachment,  speed  3555  R.  P.  M.,  at 

0.0011  inch  feed 9  2 

Revolve  turret  12  2% 

Remove  burr  and  broach   with   tool  held   in 

floating  holder  4%  l 

Clear  24  5 

Mill  slot  in  lug  a  with  special  milling  attach- 
ment  held    on    rear   cross-slide,    speed    400 

R.  P.  M.,  at  0.014  inch  feed (26)  (8) 

Cut-ofP  with  special  milling  attachment  held 

on  front  cross-slide,  speed  480  R.  P.  M.,  at 

0.014  inch  feed 143  30 

Index  spindle  10  2 

476  100 
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Cross- slide  Slotting  Attachment 
The  special  slotting  attachment  designed  for  cutting  the  slot  in  lug 
a  shown  in  Fig  6  is  shown  in  Fig.  8.     This  attachment  consists  of  a 
block  A,  the  base  of  which  is  held  to  the  rear  cross-slide  by  a  bolt  and 


Flff.  7.    IUii0tr»tion  ahowlnff  the  Looation  of  the  Tndexlng  Atteohment 

nut  B  and  C  as  shown,  the  former  fitting  in  the  T-slot  in  the  cross- 
slide.  The  spindle  D  passing  through  the  casting  which  is  bushed  with 
a  bronze  sleeve,  has  attached  to  it  a  bevel  gear  E,  meshing  with  a 
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FlfT.  8.    Blottlnff  Attachment  held  on  the  Rear  Oroea  elide 

bevel  gear  F  keyed  to  the  vertical  spindle  O.  This  vertical  spindle  O 
also  runs  In  bronze  bushings.  The  pulley  H  is  keyed' to  the  rear  end 
of  shaft  D  and  is  held  to  it  by  a  nut  and  washer  as  shown.  A  round 
belt   which   passes  over  a   grooved   pulley   held   on   the   countershaft, 
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drives  this  pulley  H,  which.  In  turn,  drives  the  slotting  saw  1  held 
on  the  lower  end  of  the  Tertical  spindle.  Adjustment  is  provided  for 
the  slotting  saw  /  by  varying  the  thickness  of  the  washer  J  and  also 
by  means  of  the  adjusting  nuts  K  and  L.  Gear  F  has  a  shank  which 
fits  in  the  upper  member,  so  that  the  spindle  O  can  be  adjusted  with- 
out affecting  the  position  of  this  gear. 

CrosB-Blide  Sawing  Attachment 

The  attachment  which  is  used  for  cutting  off  the  piece  shown  at  A 
in  Fig.  6  is  shown  in  Fig.  9.     This  attachment  is  held  on  the  front 
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Vlg.  9.    Ba^trinff  Attachment  held  on  the  Front  Oroos-sUde 

cross-slide,  and  consists  of  a  holder  A  somewhat  similar  to  the  ordinary 
holder  used  for  the  circular  form  tools,  and  is  also  held  to  the  cross- 
slide  in  a  similar  manner.  A  three-quarter  inch  flat  belt,  which  passes 
over  a  pulley  fastened  to  the  countershaft,  drives  this  attachment 
through  the  pulley  B.  This  pulley  B  has  a  leather  strip  C  fastened  to 
it  which  increases  the  friction  and  gives  a  more  positive  drive  to  the 
cutting-off  saw.  The  pulley  B  is  keyed  to  a  shaft  Z),  and  also  held  to 
it  by  a  nut  and  washer  as  shown.  The  shaft  D  which  passes  through 
a  bronze  bushing  held  in  the  holder  A  has  a  helical  gear  E  cut  on  its 
forward  end.  This  helical  gear  meshes  with  a  mating  gear  F  held  on 
the  cutter  spindle  O,  which  is  located  at  right  angles  to  the  spindle  D, 
The  spindle  O  fits  in  a  bronze  sleeve  held  in  the  holder  A,  and  is  pro- 
vided with  a  shoulder  H  against  which  the  slotting  saw  I  is  held  by 
the  nut  J.  The  guard  K  is  used  to  prevent  the  work  from  springing 
away  from  the  saw  when  almost  cut  off. 
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OROSS-DRILLINa  ATTACHMENTS 

In  order  to  avoid  a  separate  operation  in  manufacturing  parts  re- 
quiring to  be  cross-drilled,  the  BroNvn  &  Sharpe  Mfg.  Co.  has  designed 
what  is  called  an  "index  drilling  attachment."  This  attachment, 
which  is  used  for  drilling  cross-holes  in  studs  and  capstan-screws,  is 
illustrated  in  Figs.  10,  11  and  12. 

The  Brown  &  Sharpe  index  drilling  attachment,  which  is  shown 
located  on  a  No.  00  automatic  screw  machine  in  Figs.  10  and  11,  con- 
sists mainly  of  a  cast-iron  bracket  A,  fastened  by  cap-screws  to  a  boss 


Flir>  10.    Front  View  of  the  Index  DriUlnff  Attachment,  placed  on  a 
No.  OO  Brown  A  Sharpe  Automatic  Screw  Machine 

provided  for  that  purpose  on  the  machine.  In  this  bracket  are  held 
the  work-  and  drilling-spindles,  the  latter  being  held  in  a  vertical  posi- 
tion and  in  line  with  the  work-spindle.  The  camshaft  from  which  the 
attachment  is  operated,  is  driven  by  a  chain  and  sprocket,  which  is 
shown  encased  in  Fig.  10.  A  sprocket-wheel  for  driving  the  attachment 
is  placed  on  the  front  camshaft  of  the  machine,  and  an  idler  pulley, 
fastened  to  a  bracket,  gives  the  chain  the  desired  tension  on  the 
sprocket.  Figs.  10  and  11  give  a  general  idea  of  the  construction  of 
this  index  drilling  attachment,  but  for  a  more  detailed  description 
reference  should  be  made  to  Fig  12.  Similar  parts  in  the  three  il- 
lustrations bear  the  same  reference  letters. 

The  drilling-spindle  B  is  driven  by  a  %-inch  round  belt  from  the 
overhead  works  through  pulleys  L  and  Af,  the  pulleys  M  acting  as 
idlers,  to  change  the  direction  of  the  belt  from  a  vertical  to  a  horizontal 
position.     Spindle  B  is  operated  by  a  cam  C  acting  through  a  lever  D, 
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while  the  indexing  of  the  work-spindle  E  is  accomplished  by  a  cam  F 
acting  through  a  le^er  G.  The  forward  end  of  the  lever  G  has  teeth 
cut  In  it  (see  Fig.  18)  which  mesh  with  the  segment  gear  H  on  the 
work-spindle  E,  Fig.  12.  A  ratchet  J,  held  to  the  segment  gear  by  a 
shoulder  screw  and-  nut  as  shown,  and  acted  upon  by  a  spring,  fits 
in  a  ratchet  disk  /»  (see  Fig.  18)  which  is  keyed  to  the  work-splndle  E. 
The  lockiiig  plate  J  has  V-notches  cut  in  it,  the  number  of  which 
(usually  four)  equals  the  Indexings  of  the  spindle  required,  this  plate 
being  used  for  locking  purposes  only.  A  spring  plunger  K  fits  in  the 
notches  in  plate  J  and  holds  it  in  place  until  the  Spindle  is  again 
indexed. 

In  operation,  when  the  indexing  lever  G  is  raised  by  the  cam  F.  it 
depresses  the  spring  plunger  A",  and  at  the  same  time  rotates  the  seg- 


Flff.  11.    R«ar  View  of  the  Index  DrllUnff  Attachment  in  PUoe  on  a 
No.  OO  Brown  A  Sharpe  Automatic  Screw  Machine 

ment  gear  H  carrying  the  ratchet  /.  The  spring  plunger  returns  the 
lever  to  its  normal  position  when  the  roll  on  the  lever  drops  down  to 
the  smallest  diameter  of  the  cam,  and  In  so  doing  returns  the  indexing 
disk  U  to  its  normal  position  ready  for  the  next  indexing.  The  work- 
spindle  is  indexed  by  the  ratchet  /  meshing  in  one  of  the  teeth  in  the 
ratchet  disk  /,. 

The  drilling-spindle  B  Is  raised  and  lowered  by  means  of  the  lever  Z), 
which  is  connected  to  it  by  two  screws  0,  holding  two  shoes,  the  latter 
fitting  in  milled  slots  cut  in  the  sleeve  P.  This  sleeve  is  held  on  the 
spindle  B  by  check-nuts  Q.  The  drill-spindle  runs  in  bronze  bearings, 
and  is  provided  at  its  lower  end  with  three  set-screws  R  for  holding 
the  drill.  The  upper  end  of  the  drill-spindle  fits  in  a  steel  bushing  S, 
to  which  it  is  keyed.  The  pulley  L  is  also  keyed  to  bushing  8,  and 
as  the  spindle  B  is  provided  with  a  groove,  it  is  possible  to  rotate  the 
spindle,  and  at  the  same  time  move  It  up  and  down  by  the  lever  D. 

A  general  outline  A  the  construction  of  the  various  details  of  the 
attachment  is  given  in  the  following: 
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ConBtructlon  of  the  Index  Work-spindle 

Pig.  13  shows  a  sectional  Tiew  of  the  index  work-spindle,  the  section 
being  taken  on  the  line  X-Y,  Fig.  12.  The  spindle,  as  has  been  previ- 
ously stated,  is  indexed,  but  otherwise  remains  stationary.  The  chuck 
A.  is  closed  by  fneans  of  the  cam  B,  which  is  fastened  by  screws  to  the 
drum  D,  while  the  cam  C  operates  the  lever  M  for  opening  the  chuck. 
A  roller  L,  attached  to  the  lever  M,  and  which  is  guided  by  the  cam- 
blocks  B  and  C,  operates  the  lever  M  for  closing  and  opening  the 
chuck. 

In  operation,  as  the  lever  M  is  forced  by  the  cam  C  in  the  direction 
indicated  by  the  arrow  Ci,  it  withdraws  the  clutch  sleeve  N  from  be- 
neath the  fingers  0,  allowing  the  latter  to  drop  and  release  their  pres- 
sure on  the  sleeve  P.  Now,  as  the  mouth  or  front  end  of  the  sleeve 
Px  is  beveled  to  an  angle  which  is  greater  than  the  angle  of  repose,  and 
as  the  chuck  A  is  split  and  spring-tempered,  the  withdrawal  of  the 
clutch  sleeve  N  from  beneath  the  fingers  O  allows  the  bevel  on  the 
chuck  to  force  the  sleeve  P  back,  thus  permitting  the  chuck  to  open 
and  the  work  to  be  ejected  by  the  plunger  8.  Inversely,  as  the  lever 
M  is  forced  by  the  cam-block  B  in  the  direction  of  the  arrow  B^,  the 
clutch  sleeve  N  is  forced  under  the  fingers  O,  so  that  their  circular 
bearings  or  ends  rest  on  the  straight  cylindrical  portion  of  the  sleeve. 
This  action  on  the  fingers  0  causes  the  sleeve  P  to  be  pushed  forward 
and  butt  against  the  sleeve  Pi,  forcing  it  over  the  tapered  portion  of 
the  chuck  A,  and  thus  closing  the  latter  on  the  work. 

The  work,  when  forced  into  the  chuck  A,  butts  against  a  brass 
ejector  or  stop  8  which  is  screwed  onto  the  rod  R.  This  rod  passes 
entirely  through  the  spindle  R^  and  is  held  outward  by  a  coil  spring 
E.  When  the  work  forces  the  ejector  8  into  the  chuck,  the  head  on 
the  rod  R  comes  against  the  stop-screw  ;Sfi,  which  is  clamped  by  the 
lock-nut  shown.  The  position  of  the  stop-screw  governs  the  distance 
to  which  the  work  can  be  Inserted  in  the  chuck,  thus  locating  the  posi- 
tion of  the  drilled  holes.  The  desired  grip  of  the  chuck  A  on  the  work 
is  obtained  by  adjusting  the  check-nuts  O.  The  work-spindle  can  be 
taken  out  by  removing  the  nuts  E  and  /  and  the  lever  M. 

LayiniT  out  CroBs-slide  Cams  for  CroBs-drilllnir  Operations 
The  method  of  laying  out  a  set  of  cams  for  a  cross-drilling  opera- 
tion is  similar  to  that  for  any  other  job,  except  that  there  are  a  num- 
ber of  special  points  to  be  considered  which  relate  chiefly  to  the  clear- 
ance allowances  for  the  transferring  arm  in  its  ascent  and  descent  to 
and  from  the  work-spindle.  Possibly  the  best  way  to  illustrate  the 
method  employed  is  to  take  a  practical  example  and  describe  each  step. 
Assume  that  it  is  required  to  make  the  piece  shown  at  A  in  Fig.  14, 
which  is  a  binding  post,  made  from  9/32-inch  brass  rod.  The  turret 
and  cross-slide  cams,  also  shown  in  this  illustration,  are  laid  out  in  the 
usual  manner,  except  that  sufilcient  space  is  allowed,  as  shown  from 
.86  to  91  (on  the  cam  circumference)  for  bringing  down  the  trans- 
ferring arm  to  grip  the  work.  One  hole  should  be  left  vacant  in  the 
turret,  so  that  the  transferring  arm  can  be  brought  down  without 
coming  in  contact  with  any  of  the  turret  tools. 
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Before  laying  out  the  lead  and  cross-slide  cams,  it  is  preferable  to 
make  a  lay-out  as  shown  in  Fig.  15,  drawing  in  the  position  of  the 
circular  form  and  cut-off  tools  and  also  the  tools  used  in  the  turret. 
If  this  is  done,  the  amount  that  the  cams  are  to  be  cut  down  below 
the  largest  diameter  of  the  cam  circimiference,  and  also  the  clearances 
necessary  for  the  turret  and  circular  form  tools,  can  be  found.  After 
the  necessary  information  has  been  obtained  from  this  diagram,  an- 
other diagram,  such  as  in  Fig.  11,  Reference  Book  No.  100,  "Designing 
and  Cutting  Cams  for  the   Brown   &   Sharpe   Automatic   Screw   Ma- 
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Fiff.  14.    Ii*y>ont  of  a  8«t  of  0«ma  for  a  ChroaanlrlUlnff  Operation  on 
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chines,"  should  be  made  so  that  the  rises  and  the  cut-downs  on  the 
transferring  and  advancing  cams  can  be  obtained.  Of  course,  the  ex- 
ample given  in  that  illustration  applies  more  particularly  to  a  screw- 
slotting  job;  the  method  of  procedure,  however,  for  laying  out  the 
cams  used  on  the  index  drilling  attachment  is  similar. 

LaylniT  out  the  Tranaferrinsr  and  Advancinsr  CamB 
As  the  method  of  laying  out  the  transferring  and  advancing  cams 
Is  described  in  Part  II  of  this  treatise.  Machinery's  Reference  Book 
No.  100,  it  will  not  be  necessary  to  describe  it  here.  The  drawing  of 
the  transferring  and  advancing  cams  used  in  connection  with  the  piece 
shown  at  A  in  Fig.  14,  is  shown  in  Fig.  16.    Here  the  lobes  and  their 
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uses  are  clearly  Indicated.  The  lay-out  of  these  cams  does  not  differ 
materially  from  that  for  a  screw-slotting  Job  except,  of  course,  that 
the  lobes  on  the  advancing  cam  are  made  with  a  dwell,  no  feeding 
movement  being  necessary.  To  determine  the  relative  heights  of  the 
lobes  A  and  B  on  the  advancing  cam,  a  diagram  similar  to  that  in  Fig. 
11,  Reference  Book  No.  100,  should  be  drawn,  the  slotting  saw  being  re- 
placed by  the  chuck  A  and  stop  8,  shown  In  Fig.  13.  The  lobe  A,  Fig. 
16,  should  be  of  sufOcient  height  to  force  the  work  into  the  chuck  to 
the  proper  distance,  and  thus  locate  the  stop  fif,  Fig.  13,  up  against  the 
stop-screw  S^. 

LayiniT  out  the  Indexin8>  and  Drllllnir  Cams  for 
the  CroBB-drilliniT  Attachment 

In  laying  out  a  set  of  indexing,  and  drilling  cams.  It  Is  always  pre- 
ferable to  start  from  some  predetermined  point    The  practice  usually 
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Fiff.  16.    DiAffram  tor  Obtalnlnsr  the  Out-down  on  the  Load  Oom, 
and  Oloaranoo  for  Tools 

followed  is  to  allow  1%  hundredth  clearance  between  the  finishing 
point  on  the  inserting  lobe  A  (see  Fig.  16)  and  the  starting  point  A 
on  the  drilling  cam.  Fig.  17,  and  then  lay  out  the  corresponding  lobes 
on  the  drilling  and  indexing  cams  from  this  point.  As  soon  as  the 
advancing  roller  is  on  the  top  of  the  lobe  A,  Fig.  16,  the  index  drilling 
chuck  should  be  opened,  and  closed  again  before  the  roll  drops  off  the 
lobe.  About  one  hundredth  of  the  cam  surface  should  be  allowed  for 
clearance,  so  in  this  case  the  chuck  should  be  opened  at  4  on  the  cam 
circumference.  The  chuck  Is  opened  by  the  cam  C  on  the  drum  D, 
Fig.  13,  in  the  manner  previously  described. 

The  indexing  and  drilling  cams  used  for  drilling  the  binding  post 
shown  at  A  in  Fig.  14  are  shown  in  Fig.  17.  Here  It  can  be  seen  that 
the  drill  begins  to  operate  at  5i^  and  finishes  at  52,  one  one-hundredth 
being  allowed  for  the  drill  to  make  a  smooth  finish.  The  order  of 
operations  for  the  lead,  cross-elide,  advancing,  transferring,  drilling 
and  indexing  cams-  Is  given  in  the  tabulated  arrangement  on  the 
following  page. 
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Lead  and  CroBB-Blide  Cams 

Order  of  Operatiooi  Revolutioni  Hondradths 

Feed  stock  to  stop  and  chuck 22.40  8 

Revolve   turret    25.20  9 

Center    0.040    inch    rise   at    0.0023    inch    feed, 

dwell   0.125    19.60  7 

Revolve  turret   25.20  9 

Drill  and  turn  with  box-tool  0.120  inch  rise  at 

0.002  inch  feed,  dwell  0.15 64.40  23 

Form  with  circular  tool  0.058  inch  rise  at  0.00045 

inch  feed,  dwell  0.25 (159.60)  (57) 

Clearance    5.60  2 

Cutoff  0.122  inch  rise  at  0.00155  inch  feed,  and 

revolve  turret   78.40  28 

Clearance  for  transferring  arm   14.00  5 

Revolve  turret    25.20  9 

Total    280.00  100 

TransferrlniT  and  Advandnff  Came 

Order  of  Opermttoni  Revolutions  Hundredths 

Place,  transferring  bushing  on  work 11.2  4 

Drop  arm  back  from  work 5.6  2 

Lift  up  transferring  arm 20.2  7% 

Clearance    2.8  1 

DweH  with  transferring  arm  while  placing  work 

in  chuck  and  drilling 187.6  67 

Place  work  in  index  drilling  chuck 21.0  7% 

Dwell  with  arm  while  closing  chuck 11.2  4 

Drop  back  arm  14.0  5 

Dwell  with  arm  while  drilling 131.6  47 

Drop  down  transferring  arm  to  pick  up  piece. .  30.8  11 

Clearance    2.8  1 

Advance  to  put  bushing  on  work 11.9  4^ 

DrilliniT  and  Indexinff  Cams 

Order  of  Oper«tioas  Revolutkms  Hundredths 
Drill  and  counter&ink  0.218  inch  rise  at  0.0017 

inch  feed,  dwell  0.10 127.4  45% 

Lift  out  drill    9.1  3% 

Push  down  lever  to  index 11.2  4 

Dwell  to  allow  spring  to  return  lever 4.9  1% 

Index  second  time 22.4  8 

Dwell  to  allow  spring  to  return  lever 4.9  1% 

Clearance    9.1  3% 

Countersink  0.062  inch  rise  at  0.0031  inch  feed, 

dwell  0.10   22.4  8 

Pull  out  drill,  open  chuck,  and  allow  clearance. 

to  drop  and  raise  transferring  arm  and  close 

chuck     65.8  23Vj 

Referring  to  Fig.  17,  it  will  be  seen  that  the  indexing  cam  is  pro- 
vided with  two  projecting  lobes  B  and  C,  which  are  used  to  force  the 
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lever  down  and  thus  rotate  the  indexing  disk.  These  two  lobes  are 
necessary  because  the  piece  to  be  drilled  has  only  one  cross-hole  coun- 
tersunk on  both  sides,  which  necessitates  indexing  the  spindle  four 
times  for  each  piece.  Since  the  indexing  and  drilling  cams  rotate  at 
the  same  speed  as  the  turret  and  cross-slide  cams,  the  time  required 
for  indexing  is  approximately  equal  to  the  time  required  for  feeding 
the  stock,  which  can  be  verified  by  referring  to  the  illustration,  the 
space  required  being  from  61  to  69.  Three  hundredths  of  the  cam 
surface  is  the  minimum  space  which  should  be  allowed,  on  account  of 
the  rolls  requiring  that  space  to  drop  down.  A  milling  cutter  at  least 
1/16  inch  larger  in  diameter  than  the  roll  should  be  used  for  cutting 
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Plir.  16.    TranaferrlBir  and  Advanoinsr  Oama  for  Llftins-  mxnA  Flaol&ff  the 
Work  In  the  Index  DriUlnir  Oliaok 

the  cams.  The  motion  ti'ansmitted  by  the  cams  to  the  indexing  and 
drilling  levers  G  and  D  is  clearly  shown  by  the  full  and  dotted  lines 
in  Fig.  18.  The  maximum  travel  of  the  index  drilling  spindle  is  equal 
to  the  distance  A,  which  on  the  attachments  used  is  as  follows: 


No.  of 
Machine 

00    .. 

0    .. 

2   .. 


Distance  A 
in  Inches 
9/16 
3/4 

13/16 


The  maximum  diameters  of  the  indexing  and  drilling  cams  for  the 
attachments  used  on  the  various  machines  are  as  follows: 


No.  of 
Machine 
00    .. 
0    .. 
2    .. 


Distances 
in  Inches 

4 

4  1/2 

4  1/2 
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The  cut-down  required  on  the  cam  for  indexing  can  be  ^ound  by  lay- 
ing out  a  diagram  similar  to  that  shown  in  Fig.  18.  When  the  in- 
dexing disk  /,  is  provided  with  six  teeth  instead  of  four,  the  cut-down 
required  will  be,  of  course,  proportionately  less. 

Speeds  and  Feeds  for  Cross-Drlllinir 
The  speeds  and  feeds  used  for  cross-drilling  do  not  vary  from  those 
used  when  drilling  from  the  turret,  and  to  obtain  the  required  speed 
for  the  drill  a  grooved  pulley  of  suitable  size  should  be  placed  on  the 
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Fiff.  17.    Ind«xlBff  and  Z>rllUn«  Cams  for  tbe  Pi«oe  showa  at  A  In  Piff.  14 

countershaft.  The  drilling  speeds  and  feeds  for  ordinary  carbon  and 
high-speed  twist  drills  for  drilling  different  materials  are  given  in 
Machinery's  Reference  Book  No.  103,  "Internal  Cutting  Tools  for  the 
Brown  &  Sharpe  Automatic  Screw  Machines." 

Transferrincr  Bxishlnffs 
When  transferring  a  piece  of  work  from  the  work-spin^fc  to  the  in- 
dex drilling  spindle,  it  is  necessary  to  have  a  transferring  bushing 
which  will  insert  the  work  in  the  index  drilling  chuck.  The  ordinary 
screw-slotting  bushing  cannot  be  used  for  this  purpose,  except  when 
the  work  is  sufficiently  long  and  the  hole  in  a  suitable  place,  so  that 
the  work  can  be  inserted  in  the  chuck  without  the  aid  of  a  spring 
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plunger.  When  he  work  is  not  of  the  character  specified,  it  is  neces- 
sary to  use  a  transferring  bushing  in  which  is  placed  a  spring  plunger 
for  inserting  the  work  in  the  index  drilling  chuck. 

At  A  in  Fig.  19  is  shown  a  capstan-screw  and  the  transferring  bush- 
ing used  for  inserting  it  in  the  index  drilling  chuck.  This  screw,  m 
shown,  has  two  holes  drilled  clear  through  the  head  at  right  angles 
to  each  other.  The  transferring  bushing  consists  of  a  shell  a  which 
is  held  in  the  transferring  block.  Inserted  in  this  shell  is  a  spring 
plunger  h,  pressed  outward  by  a  coil  spring  c,  this  coil  spring  being 
retained  in  the  bushing  by  means  of  the  nut  d.    The  hole  in  the  spring 
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Plff.  18.    DiAffimm  llloatimtliiff  the  JCovement  of  tb«  Indexinff 
and  DHUiUff  Levers 

plunger  should  be  larger  in  diameter  than  the  body  of  the  screw,  so 
that  the  work  can  be  inserted  easily  into  the  plunger.  The  type  of 
transferring  bushing  shown  at  A  is  suitable  for  capstan-screws  and 
similar  work. 

Another  transferring  bushing  for  holding  a  binding  post  is  shown 
at  B.  This  bushing  differs  from  that  shown  at  A  in  that  it  is  provided 
with  a  spring  chuck  as  well  as  with  a  plunger.  The  reason  for  this 
was  that  the  piece  had  to  be  inserted  in  the  chuck  to  such  a  distance 
that  il  was  necessary  for  the  chuck  e  to  retreat  so  that  the  work 
could  be  inserted.  This  transferring  bushing  was  not  a  success  on  ac- 
count of  this  combination  arrangement  of  spring  chuck  and  plunger. 
DiflBculty  was  encountered  with  the  spring  chuck  e,  because  of  the 
variations  in  the  diameter  of  the  stock.     When  the  stock  was  much 
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greater  in  diameter  than  the  hole  in  the  chuck,  the  chuck  was  forced 
back  into  the  holder  so  that  the  work  was  not  held,  as  the  plunger  / 
kept  it  out 

Owing  to  the  short  amount  of  grip  on  the  work,  it  had  to  fit  snugly 
in  the  bushing,  or  it  would  drop  out  while  being  transferred  from  the 
work  chuck  to  the  index  drilling  chuck.  To  overcome  this  diflaculty 
several  methods  were  adopted.  First,  the  spring  g  was  made  stiffer, 
so  that  when  work  slightly  larger  than  the  hole  in  the  chuck  was  en- 
countered, it  could  be  inserted  without  pushing  back  the  plunger.    This 
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Flff.  19.    Bepre8«nt»tly«  Types  of  Traosferrinff  Buahinffs  and  the  Work 
tb«y  were  deelBiied  to  taoM 

overcame  the  diflaculty  of  placing  the  work  in  the  chuck  e,  but  when 
the  latter  was  transferred  to  the  index  drilling  chuck,  the  work  could 
not  be  ejected  from  the  chuck.  The  spring  h  was  made  stiffer,  but  this 
brought  about  the  same  conditions  as  before,  and  prevented  the  work 
from  being  located  properly  in  the  chuck  e. 

This  type  of  bushing  was  finally  discarded  and  the  one  shown  at  C 
was  adopted..  This  bushing  consists  of  an  outer  sleeve  fc»  as  before, 
in  which  is  screwed  a  stationary  holder  I.  A  chuck  m  is  made  a  slid- 
ing fit  on  holder  ;,  and  also  in  the  sleeve  k,  and  is  pressed  outward  by 
a  spring  n.  This  spring  acts  against  a  washer  o.  which  is  beveled,  as 
shown,  to  reduce  the  friction,  thus  preventing  the  spring  from  being 
twisted  in  the  holder  when  work  of  larger  diameter  than  the  chuck  is 
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encountered,  causing  the  chuck  to  rotate.  The  hole  p  in  the  holder  Is 
made  slightly  larger  than  the  diameter  Q  on  the  work,  while  the  hole 
in  the  bushing  m  is  made  slightly  larger  than  the  largest  diameter  of 
the  work.  The  holder  /  is  slabbed  on  both  sides  on  the  front  end,  as 
shown  in  the  end  view,  and  the  index  drilling  chuck  is  cut  out  so  that 
this  holder  can  be  inserted  in  it,  thus  carrying  the  work  right  into 
the  chuck.  This  bushing  proved  very  satisfactory,  both  as  regards 
gripping  the  work  and  inserting  it  in  the  chuck,  and  was  used  on  the 
piece  shown  at  A  in  Fig.  14. 

A  transferring  bushing  of  a  different  type  is  shown  at  D.  This 
bushing.  Instead  of  passing  over  the  work,  has  a  plunger  r  which  is 
inserted  in  a  hole  in  the  work.  This  plunger  is  slotted,  as  shown,  and 
a  flat  spring  s  is  held  to  it  by  a  screw.  Spring  s  is  curved  and  rounded 
so  that  it  fits  snugly  in  the  work.  ^The  plunger  r  is  held  out  by  a  coil 
spring  U  and  is  retained  by  a  pin  u.  A  small  pin  v,  driven  into  the 
plunger  and  fitting  in  a  slot  cut  in  the  bushing,  prevents  the  plunger 
from  rotating.  As  shown  in  the  illustration,  this  bushing  is  not  tapered 
on  the  shank,  but  is  perfectly  straight,  so,  obviously,  a  special  trans- 
ferring block  had  to  be  made  to  hold  it. 

Another  type  of  transferring  bushing  is  shown  at  E.  This  bushing 
has  a  marked  resemblance  to  that  shown  at  B,  but  gives  satisfaction 
because  of  the  character  of  the  work.  The  hole  in  the  chuck  Ox  could 
be  made  larger  than  the  diameter  of  the  work,  and  still  the  latter 
would  not  drop  out;  thus  the  difficulty  of  inserting  the  work  in  the 
chuck  Is  overcome.  The  hole  in  the  plunger  &,  to  which  the  chuck  is 
attached  is  made  larger  than  the  teat  or  threaded  part  on  the  worlc. 
A  spring  plunger  (\  is  used  for  Inserting  the  work  In  the  index  drill- 
ing chuck.  Obviously,  there  are  a  number  of  different  types  of  trans- 
ferring bushings  used,  but  as  those  shown  incorporate  the  principal 
features  of  bushings  of  this  type,  it  would  seem  that  any  further  de- 
scriptions are  unnecessary. 
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BURRING  ATTACHMENTS 

Quite  frequently  it  is  found  necessary  to  drill  holes  in  both  ends 
of  a  piece  of  work.  This  cannot  be  done  while  the  piece  is  attached 
to  the  bar,  but  necessitates  rehandling  the  work.  The  Brown  ft  Sharpe 
Mfg.  Co.  has  designed  what  is  called  a  "burring"  attachment,  which  is 
used  in  connection  with  its  automatic  screw  machines  for  drilling  and 
chamfering  holes  in  both  ends  of  the  work. 

A  front  view  of  th€  burring  attachment  fastened  on  a  No.  00  Brown 
&  Sharpe  automatic  screw  machine  is  shown  in  Fig.  20.  Fig.  21 
shows  a  rear  view,  while  Fig.  22  shows  plan,  end  and  sectional  views. 


Flff.  SIO.    Front  Vl«w  of  No.  OO  Brown  As  Sharpe  Automatio  Screw  3iacbine 
equipped  with  a  Burrinir  Attachment 

respectively.  The  attachment  consists  essentially  of  a  cast-iron  base 
A,  provided  with  bearings  B,  in  which  a  spindle  C  is  free  to  rotate, 
being  driven  by  the  two-stepped  cone  pulley  D.  The  bosses  B  are  pro- 
vided with  phosphor-bronze  sleeves  E  and  a  thrust  washer  F.  The 
nut  O  is  provided  for  taking  care  of  the  end  play  of  the  spindle.  The 
burring  tool  is  held  in  a  bushing  H,  fitting  In  the  nose  of  the  spindle 
C,  and  Is  furnished  with  a  clamping  block  /  acted  upon  by  a  set- 
screw  J, 

This  burring  attachment  can  be  adjusted  to  and  from  the  machine 
by  means  of  the  collar-head  screw  K,  and  the  top  part  of  the  attach- 
ment can  be  adjusted  on  its  base  in  a  plane  with  the  axis  of  the 
spindle,  by  means  of  the  collar-head  screw  L.  The  standard  work- 
holder  M  is  shown  in  section  in  Fig.  22,  and  more  clearly  in  Fig.  26, 
to  which  reference  should  now  be  made.    Here  A  is  the  chuck,  slotted 
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and  spring  tempered,  B  the  chuck-closing  sleeve  and  C  the  ejector. 
The  chuck-closing  sleeve  Is  operated  by  means  of  a  lever  D,  which  Is 
acted  upon  by  pin  E,  To  close  the  chuck,  the  arm  ^,  Fig.  22,  is  made 
to  dwell  in  an  intermediate  position  between  the  work-spindle  and  the 
burring  spindle,  or,  in  other  words,  directly  in  front  of  the  chuck-clos- 
ing device  0.  The  arm  'S  is  then  advanced,  when  the  device  O  forces 
the  sleeve  B  onto  the  chuck  A,  thus  closing  the  latter  on  the  work. 

The  chuck  A,  Fig.  26,  which  is  screwed  into  the  transferring  block, 
is  opened  by  means  of  the  pin  E  coming  in  contact  with  the  end  of 
the  rod  P  held  in  the  burring  head  by  a  set-screw  Q,  see  Fig.  22.  When 
pin  E  comes  in  contact  with  rod  P,  the  former  forces  back  lever  D, 
which.  In  turn,  releases  the  chuck-closing  sleeve  B  and  allows  the 
chuck  to  expand,  thus  facilitating  the  removal  of  the  work.    The  work 


Fiff.  ai.    Rear  View  of  the  Burrinir  Attacbment  placed  on  a  No.  OO 
Brown  6t  Sharpe  Automatic  Screw  Machine 

Is  removed  by  means  of  the  plunger  C,  which  comes  in  contact  with 
the  finger  R,  Fig.  22,  when  the  arm  y  drops  back.  This  finger  Is  held 
by  a  set-screw  on  a  square  rod  S,  which,  In  turn,  Is  fastened  to  the 
base  of  the  burring  attachment. 

Referring  now  to  the  view  to  the  right  In  Fig.  22,  the  transferring 
arm  N  is  made  to  dwell  in  an  Intermediate  posltfon  by  the  combined 
action  of  the  two  cams — transferring  and  burring — and  the  two  springs 
A,  and  B^.  The  transferring  lever  C,  is  fulcrumed  on  the  stud  Di  and 
works  In  a  slot  In  the  connecting  link  E^.  The  link  J5?„  In  turn,  Is 
connected  to  a  slotted  block  F„  which  Is  fastened  to  the  transferring 
arm  shaft  by  a  cone-pointed  set-screw,  not  shown.  The  spiral  spring  A, 
bears  against  the  face  of  the  transferring  lever  C„  the  transferring 
lever  being  held  to  the  link  E^  by  means  of  the  fillister  head  screw  d 
and  two  check  nuts  H,.  The  spring  B,  Is  used  to  keep  the  roll  in  the 
lever  C,  In  contact  with  the  transferring  cam,  while  the  spring  A,  is 
used  to  steady  the  transferring  arm.  When  the  set-screw  in  the  arm  'N 
comes  In  contact  with  the  square  rod  S.  the  lever  C,  continues  com- 
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pressing  the  spring  A^,  thereby  keying  a  tension  on  the  arm  y  while 
the  burring  operation  is  being  performed.  The  spring  Bi  is  fastened 
to  the  link  Ex  and  to  the  tray  or  bracket-holder  for  the  transferring 
arm  rod.  The  height  of  the  lobe  on  the  transferring  cam  governs  the 
angular  position  of  the  arm  tf, 

LaylnfiT  out  Cross- slide  and  Lead  Cams  for  Burriner  Operation 
The  same  remarks  which  were  made  in  the  previous  chapter  in  re- 
gard to  laying  out  cross-slide  cams  for  cross-drilling  operations  apply 
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Flff.  28.    Iftfad  and  Oroos-aUde  Gams  for  Maklnff  a  Oone-polnted  Screw 
haylnff  a  Hole  drilled  \n  the  Bear  Bnd 

to  the  laying  out  of  cross-slide  cams  for  burring  operations,  it  being 
absolutely  necessary  to  leave  sufficient  clearance  for  the  arm  to  ascend 
and  descend  to  and  from  the  work-spindle.  The  character  of  the  work 
and  the  shape  and  size  of  the  work-holder  also  play  an  important  part 
in  regard  to  the  amount  of  clearance  necessary.  This,  of  course,  has  to 
be  worked  out  for  each  individual  case.  To  illustrate  clearly  the 
method  of  designing  a  set  of  cams  for  an  ordinary  burring  opera- 
tion, we  will  lay  out  a  complete  set  of  cams  for  producing  the  cone- 
pointed  screw  shown  at  A  in  Fig.  23.  As  can  be  seen  a  No.  51  drill 
hole  is  to  be  produced  in  the  rear  epd  of  this  screw,  which  without  the 
use  of  this  attachment  would  necessitate  rehandling  the  work  and 
performing  a  second  operation  on  it. 
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The  cross-slide  and  lead  cams  for  making  this  screw  are  also  shown 
in  Pig.  23,  where  the  functions  of  the  various  lobes  are  clearly  Indi- 
eated.    It  might  be  mentioned,  however,  that  it  was  necessary  to  ad- 
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Piff.  24.    Dlaffram  used  In  Determlnlnir  Rl* 
and  Burrinff  Cams 


I  on  th«  TranaferrincT 


Just  the  turret  slide  back  to  the  extreme  limit  to  make  this  long  screw 
in  a  No.  00  B.  &  S.  automatic  screw  machine.  The  time  allowed  to 
feed  stock  is  also  less  than  that  usually  provided,  being  5  hundredths 
instead  of  10  hundredths  of  the  cam  circumference.     The  reason  for 
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this  is  that  the  turret  is  not  revolved,  but  is  just  advanced  to  gage  the 
stock  to  length. 

,  Laying  out  the  Traosferring  -and  Burring  Came» 
Before  proceeding  to  lay  Ont  the  transferring  and  burring  cams,  a 
diagram  similar  to  that  shown  in  Fig.  24  should  be  made.  Here  the 
work-chuck,  chuck-closing  device,  burring  tool  and  chuck-opening  pin 
should  be  laid  out  in  their  respective  positions,  and  the  angular  move- 
ment of  the  arm  from  one  point  to  the  other  should  be  determined. 


CLOSE  CHUCK 


CAM  OUTLINES 

TRANtFERRlNQ  CAM 

■URRINO  CAM  


OPEN  CHUCK 


JfodUiury 


Fiir.  26.    Transferriiiff  »nd  Bnrrioff  Cmxxm  tor  th«  Piece  shown 
at  A  In  Fiff.  28 

A  good  method  for  obtaining  tne  angular  movement  of  the  arm  A 
is  shown  in  Fig.  24.  All  those  parts  which  are  designated  by  full  lines 
are  drawn  in;  then  make  a  templet  of  the  arm  A.  work-holder  B  and 
slotted  block  C,  on  tracing  cloth.  Now  by  pivoting  this  templet  on 
the  center  of  the  transferring  arm  rod,  and  swinging  it  around  to  he 
various  positions,  the  lines  D,  E,  F  and  O  can  be  drawn  which  repre- 
sent the  center  of  the  slot  in  the  block  C,  when  the  arm  is  swung  to 
the  various  positions.  Next  draw  the  circles  H  and  /,  representing  the 
largest  and  smallest  diameters  of  the  transferring  cam,  after  which  a 
templet  of  the  transferring  lever  J  and  connecting  link  K  should  be 
made  on  tracing  cloth. 
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As  was  previously  mentioned,  the  lever  J  should  compress  the  spring 
A„  see  Fig.  22,  when  the  set-screw  L  touches  the  square  rod  Af,  thus 
steadying  the  arm  during  the  burring  operation.  To  provide  for  this 
the  nuts  N  are  adjusted,  so  that  the  spring  A,  will  bear  the  weight  of 
the  arm  A.  To  proceed,  pivot  the  templet  of  the  transferring  lever  and 
connecting  link  on  the  center  of  the  stud  0,  swing  the  templet  so 
that  the  center  of  the  pin  P  comes  in  line  with  the  lines  E  and  F, 
respectively,  and  draw  circles  Q  and  R  representing  the  heights  of  the 
lobes  for  closing  and  opening  the  chuck.  Care  should  be  taken  in  lay- 
ing out  the  lobes  to  lift  the  arm  from  the  chuck-closing  device  to  the 
chuek-opening  pin,  as  the  space  between  the  two  members  is  not  ad- 
justable.   As  the  spring  Ai,  see  Fig.  22,  is  compressed  further  when 


Flir*  S6.    standard  Work-taoldar  uaed  In  Oonneotlon  with  «he 
Borrinff  Attaotament 

the  arm  A  is  in  the  "up  position"  than  when  it  is  in  the  "down  posi- 
tion," it  is  necessary  to  start  swinging  the  arm  A  from  the  work- 
chuck,  and  to  proceed  towards  the  burring,  tool.  It  will  be  found  that 
the  roll  in  the  lever  J  will  fall  below  the  largest  diameter  of  the  cam, 
when  the  arm  is  in  line  with  the  burring  tool;  this  allows  the  spring 
At  to  be  compressed  and  thus  steady  the  arm. 

To  obtain  the  heights  of  the  lobes  on  the  burring  cam,  a  diagram 
similar  to  that  shown  in  the  upper  view  of  Fig.  24,  should  be  made. 
The  burring  tool  should  be  drawn  in  position,  as  well  as  the  work  in 
the  work-chuck.  The  chuck-closing  device  8,  and  chuck-opening  pin  T 
are  adjustable  within  a  considerable  range,  but  it  is  best  to  work  from 
a  setting  which  will  be  most  convenient  to  the  burring  tool  and  work. 

The  method  used  in  obtaining  the  heights  of  the  lobes  on  the  ad- 
vancing cam  was  described  in  connection  with  Fig.  11,  Reference  Book 
No.  100  (Part  II  of  this  treatise),  while  the  proper  procedure  to  fol- 
low in  laying  out  the  lobes  on  the  transferring  cam  in  their  correct 
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relation  to  the  lobes  on  the  advancing  cam  was  described  in  connection 
with  Fig.  12  in  the  same  book.  The  diagrammatical  method  used  in 
laying  out  the  transferring  and  advancing  cams  for  the  Nos.  0  and  2 
B.  ft  S.  automatic  screw  machines  was  illustrated  in  Fig.  14  of  Ref- 
erence Book  No.  100. 

The  transferring  and  burring  cams  used  in  connection  with  the 
piece  shown  at  A  in  Fig.  23  are  shown  in  Fig.  25,  as  is  also  a  sectional 
view  of  the  work-holder  with  the  work  in  position.  The  order  of  oper- 
ations for  making  the  piece  is  as  follows: 

Lead  eind  Cross-slide  Cams 
Operations  Revolutions       Hondredths 

Feed  stock  to  stop   12  5 

Revolve  turret  and  reverse  spindle 24  10 

Thread  on 21.6  9 

Thread   off   21.6  9 

Revolve   turret    24  10 

Point,  0.015  inch  rise  at  0.0008  Inch  feed,  dwell 

0.10   21.6  9 

Form,  0.045  inch  rise  at  0.0011  inch  feed,  dwell 

0.10    (55.2)  (23) 

Cut  off,  0.125  Inch  rise  at  0.0013  inch  feed,  dwell 

0.10,  and  revolve  turret  four  times 98.4 -f  4.8     41-+- 2 

Clearance  to  bring  down  arm 12  5 

Total    240  ,100 

Transferringr  and  Burringr  Cams 
Operations  Revolations       Hundredths 

Drill  and  countersink,  0.070  inch  rise  at  0.00162 

inch  feed,  dwell  0.20 48  20 

Drop  back  with  piece    7.2  3 

Rotate  to  open  chuck 28.8  12 

Dwell  on  burring  cam  to  open  chuck 2.4  1 

Drop  back  to  eject  piece 10.7  4% 

Drop  down  to  grip  work 36  15 

Dwell  with  arm  before  advancing.: 4.8  2 

Advance  on  work    21.6  9   , 

Raise  arm .  to  close  chuck 26.4  11 

Advance  arm  to  close  chuck 9.6  4 

Close  chuck   2.4  1 

Rotate  to  burring  spindle 19.2  8 

Referring  to  Fig.  25,  the  lobe  A  on  the  burring  cam  moves  the  arm 
forward  to  close  the  chuck,  and  during  this  period  the  transferring 
arm  roll  Is  on  the  "dwell"  on  the  lobe  B  of  the  transferring  cam.  The 
springs  previously  referred  to  steady  the  arm  when  in  this  inter- 
mediate position,  but  on  account  of  this  undependable  method  of 
steadying  the  arm,  it  is  not  advisable  to  make  a  piece  In  less  than 
three  seconds  on  the  No.  00  B.  ft  S.  automatic  screw  machine. 

Work-holders  and  Chuck-closing  Devices 

The  standard  work-holder  furnished  In  connection  with  the  burring 
attachment  is  shown  in  detail,  connected  to  the  arm  2sr,  in  Fig.  26, 
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where  its  construction  can  be  clearly  seen.  The  operation  of  this 
work-holder  has  been  described,  but  it  may  be  advisable  here  to  give 
a  few  more  particulars  regarding  it.  The  diameter  G  of  the  chuck  A, 
is  made  equal  to  the  maximum  diameter  of  the  work.  The  chuck- 
closing  sleeve  B  is  made  with  a  tapered  hole  to  suit  the  chuck  A, 
the  taper  being  about  ten  degrees,  and  is  provided  with  a  slot  in  which 
a  pin  F  fits,  preventing  the  sleeve  from  turning  around.  .The  sleeve 
is  also  cut  out  to  receive  the  ball  end  of  the  lever  D,  which  is  used 
for  releasing  it  from  the  chuck,  thus  allowing  the  work  to  be  pushed 
out  by  the  plunger  C.  The  lever  D,  as  before  mentioned,-  is  operated 
by  means  of  the  headed  pin  E. 


o 
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Flff.  97.    A  Work-holder  of  Bpeolal  Deslffsi 

Another  type  of  work-holder,  which  was  developed  for  a  special 
piece,  is  shown  in  Fig.  27.  This  was  for  holding  the  threaded  piece  A, 
which,  as  can  be  seen,  could  not  be  gripped  in  a  chuck  of  the  type 
shown  in  Fig.  26  on  account  of  the  end  which  is  placed  in  the  chuck 
being  tapered  and  threaded,  thus  preventing  the  chuck  from  gripping 
it  securely.  The  work-holder  consists  essentially  of  a  machine  steel 
block  B  of  the  shape  shown,  which  is  fastened  to  the  transferring  arm 
by  a  cap-screw.  This  block  is  provided  with  a  boss  in  which  holes 
are  drilled  for  the  work-holder  C,  locating  pin  D,  and  ejecting  pins  E. 
The  locating  pin  D  comes  in  contact  with  the  flats  of  the  hexagon,  and 
thus  prevents  the  work  from  turning  around  on  the  work-holder  C. 
The  work-holder  C  is  driven  into  the  block  B,  and  two  studs  or  pins 
E  pass  through  the  block  B.  on  the  forward  end  of  which  is  fastened 
an  ejecting  block  F,  forming  a  link  connecting  the  two  studs.  The 
rear  ends  of  these  studs  are  also  provided  with  a  link  G  held  to  them 
by  nuts  H.  An  adjustable  pin  /  located  in  the  link  G  is  retained  by 
the  set-screw  J.  This  pin  /  comes  In  contact  with  the  flnger  R,  Fig. 
22,  and  ejects  the  work  after  it  has  been  burred. 


Digitized  by  VjOOQ  IC 


36 


No.  io6— SCREW  MACHINE  PRACTICE 


The  standard  chuck-closing  device  provided  with  the  burring  attach- 
ment shown  at  0,  Fig.  22,  is  shown  more  clearly  at  A  in  Fig.  28.  It 
consists  of  a  body  h  provided  with  a  slot  c  in  its  front  end  through 
which  the  chuck  passes  on  its  transit  from  the  work-spindle  to  the 
burring  tool.  The  body  h  is  counterbored  to  receive  the  spring  plunger 
d,  which  is  acted  upon  by  the  spiral  spring  e.  The  plunger  is  adjusted 
by  means  of  the  check-nuts  U  and  forces  the  work  into  the  chuck 
against  the  ejecting  pin  C,  see  Fig.  26. 

A  special  locating  device  used  in  connection  with  the  work-holder 
shown  in  Fig.  27  is  shown  at  B,  Fig.  28.  This  device  consists  of  a 
body  (7,  which  fits  in  the  clamping  bracket  T  on  the  burring  attachment 
(see  Fig.  22).    The  device  is  provided  with  a  spring  plunger  h  acted 
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Flff.  98.    Btandard  Cbuok-oloaer.  and  Device  for  "LoomXJkna  Work 
on  the  Bolder  shown  in  Fir.  27 

upon  b^r  the  spring  i,  and  is  retained  in  the  holder  by  means  of  pin  ;. 
This  plunger  h  is  used  for  forcing  the  work  onto  the  pin  C,  Fig.  27. 
The  plunger  fc,  which  rotates  the  work  on  the  work-holder,  and  thus 
locates  it  correctly  against  pin  D,  is  held  in  a  bushing  {  counterbored 
to  receive  &  spring,  and  is  retained  in  the  holder  by  means  of  the  pin  n. 
The  bushing  Itself  is  held  in  the  holder  by  means  of  the  set-screw  o. 

Burringr  Tools  and  Holders 

The  type  of  burring  tool  and  holder  used  in  the  burring  attachment 
is  governed  entirely  by  the  work  it  is  to  perform.  In  Fig.  29  are 
shown  a  few  representative  types  of-  barring  tools  and  their  respective 
holders.  A  is  the  burring  tool  used  for  burring  the  piece  shown  at  A 
in  Fig.  27.  This  is  made  from  round  drill  rod,  as  shown,  and  is  pro- 
vided with  a  leader  fitting  in  the  work,  the  cutting  face  being  tapered 
to  the  required  angle.  The  type  of  burring  tool  and  holder  used  for 
drilling  and  countersinking  the  screw  shown  at  A  in  Fig.  23,  is  shown 
at  B.  The  holder  a  Is  made  to  fit  in  the  burring  spindle,  and  is  slotted 
out  to  receive  the  clamping  block  b.    A  combination  drill  and  counter- 
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sink  c  of  the  required  shape  and  diameter  is  held  in  this  holder  by 
means  of  a  set-screw  bearing  on  the  clamping  block.  The  front  end 
of  the  holder  is  counterbored  to  receive  the  work-holder  chuck,  and 
is  also  provided  with  two  slots  d  which  allow  the  chips  to  escape. 

Another  type  of  burring  tool,  and  the  wdrk  on  which  it  is  used  is 
shown  at  C.  In  this  case  the  burring  tool  is  a  combination  holder  and 
tool,  being  made  to  fit  the  hole  in  the  burring  spindle.  It  is  also 
provided  with  a  leader  e  to  fit  the  work,  which  is  turned  down  on  the 
rear  end  to  suit  the  holder  and  held  in  it  by  a  set-screw  as  shown. 
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Flff.  89.    Various  Tjrpsa  of  Burrlsff  Toola  and  Burrlnff-tool  Holders 

Three  views  of  still  another  type  of  burring  tool  and  holder  are 
shown  at  D  and  E.  This  holder  and  tool  Is  used  principally  for  cham- 
fering the  inside  and  outside  of  tubing  as  shown  at  /.  The  tool  used  is 
similar  to  a  circular  form  tool  except  that  it  is  of  small  size.  It  is 
held  in  th«  holder  &  on  a  stud  h,  which  is  threaded  into  the  holder 
and  is  provided  with  a  nut  i  for  locking  it  in  the  desired  position.  The 
stud  carrying  the  circular  tool  is  slotted  in  the  lower  end,  so  that  it 
can  be  adjusted,  thus  bringing  the  tool  in  the  correct  position  to  cham- 
fer the  inside  and  outside  of  the  work. 

The  circular  tool  I  is  held  on  the  stud  by  means  of  a  screw  ;  and 
washer  k.  The  front  end  of  the  holder  is  provided  with  a  bushing  m, 
which  fits  the  external  diameter  of  the  work  and  is  held  in  place  by 
a  headless  screw  as  shown.     When  designing  this  type  of  tool,  it  is 
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preferable  to  lay  out  the  work  on  a  large  scale,  about  10  to  1,  and  from 
this  obtain  the  diameter  of  the  tool,  and  the  distance  it  Is  to  be  cut 
down  below  the  center,  so  that  the  tool  will  clear  and  not  rub,  which 
would  tend  to  produce  a  poor  finish  on  the  work.  The  depth  of  the 
recess  n  should  only  be  a  few  thousandths  greater  than  the  length  of 
chamfer  required  on  the  work,  because  the  greater  the  depth  n,  the 
smaller  the  diameter  of  the  tool,  and  also  the  smaller  the  amount  of 
tool  circumference  that  can  be  utilized  for  cutting.  From  the  diagram 
the  location  of  the  stud  h  can  also  be  obtained. 

Speeds  and  Feeds  for  Burring 

The  speeds  used  for  burring  when  the  tools  are  made  from  ordinary 
carbon  steel  should  be  similar  to  those  used  for  drills,  a  table  of 
which  was  given  in  Machinery's  Reference  Book  No.  103,  "Internal 
Cutting  Tools  for  the  Brown  &  Sharpe  Automatic  Screw  Machines." 
The  feeds  used  when  the  burring  tool  is  smaller  in  diameter  than  li 
inch  should  never  be  greater  than  0.003  inch  for  brass.  0.002  inch  for 
machine  steel,  and  0.001  inch  for  tool  steel.  The  feeds  should  also  be 
decreased  near  the  end  of  the  cut,  and  a  dwell  equal  to  at  least  three 
revolutions  of  the  burring  tool  should  be  allowed  on  the  burring  cam. 
When  the  burring  tool  is  %  inch  or  greater,  the  same  feeds  as  those 
used  for  centering  tools,  given  in  the  article  previously  referred  to, 
can  be  used  with  satisfactory  results. 
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OUTLJNB   OP  A   COURSE   IN  SHOP  AND   DRAFTING-ROOM 

MATHEMATICS,  MECHANICS,  MACHINE  DESIGN 

AND  SHOP  PRACTICE 

Any  intelligent  man  engaged  in  mechanical  work  can  acquire  a  well-rounded 
mechanical  education  by  using  as  a  guide  in  his  studies  the  outline  of  the 
course  in  mechanical  subjects  given  below.  The  course  is  laid  out  so  as  to 
make  it  possible  for  a  man  of  little  or  no  education  to  go  ahead,  beginning 
wherever  he  finds  that  his  needs  begin.  The  course  is  made  up  of  units  so  that 
it  may  be  followed  either  from  beginning  to  end;  or  the  reader  may  choose 
any  specific  subject  which  may  be  of  especial  importance  to  him. 


Preliminary  CourBe  in  Arithmetic 
Jig  Sheets  1A  to  5A: — Whole  Num- 
bers:     Addition,    Subtraction^     Mult^ 
plication,  Division,  and  Factoring. 

Jio  Sheets  6A  to  15A: — Common 
Fractions  and  Decimal  Fractions. 

Shop  Calculations 

Reference  Series  No.  18.  Shop 
Arithmetic  for  the  Machinist. 

Reference  Series  No.  52.  Advanced 
Shop  Arithmetic  for  the  Machinist. 

Reference  Series  No.  53.  Use  of 
Logarithmic  Tables. 

Reference  Series  Nos.  54  and  55. 
Solution  op  Triangles. 

Data  Sheet  Series  No.  16.  Mathe- 
matical Tables.  A  book  for  general 
reference. 

Drafting-room  Practice 
Reference  Series  No.  2.     Draftino- 

BOOM  Practice. 
Reference    Series    No.  8.     Working 

Drawings  and  Drafting-room   Kinks. 
Reference  Series  No.  33.     Systems 

and  Practice  qf  the  Drafting-room. 

General  Shop  Praotioe 

Reference  Series  No.  10.  Examples 
of  Machine  Shop  Practice. 

Reference  Series  No.  7.  Lathe  and 
Planer  Tools. 

Reference  Series  No.  25.  Deep  Hole 
Drilling. 

Reference  Series  No.  38.  Grinding 
and  Grinding  Machines. 

Reference  Series  No.  48.  Files  and 
Filing. 

Reference  Series  No.  32.  Screw 
Thread  Cdtting. 

Data  Sheet  Series  No.  1.  Screw 
Threads.  Tables  relating  to  all  the 
standard  systems. 

Data  Sheet  Series  No.  2.  Screws, 
Bolts  and  Nuts.    Tables  of  standards. 

Data  Sheet  Series  Nos.  10  and  11. 
Machine  Tool  Operation.  Tables  re- 
lating to  the  operation  of  lathes,  screw 
machines,   milling  machines,   etc. 

Reference   Series  Nos.    50    and   51. 


Principles    and   Practice   of   Assem- 
bling Machine  Tools. 

Reference  Series  No.  57.  Metal 
Spinning. 

Jigs  and  Fixtures 

Reference  Series  Nos.  41,  42  and  43. 
Jigs  and  Fixtures. 

Reference  Series  No.  3.    Drill  Jigs. 

Reference  Series  No.  4.  Milling 
Fixtures. 

Punch  and  Die  Work 

Reference  Series  No.  6.  Punch  and 
Die  Work. 

Reference  Series  No.  13.  Blanking 
Dies. 

Reference  Series  No.  26.  Modern 
Punch  and  Die  Construction. 

Tool  Making 

Reference  Series  No  64.  Gage 
Making  and  Lapping. 

Reference  Series  No.  21.  Measur- 
ing Tools. 

Reference  Series  No.  31.  Screw 
Thread  Tools  and  Gages. 

Data  Sheet  Series  No.  3.  Taps  and 
Threading  Dies. 

Data  Sheet  Series  No.  4.  Reamers, 
Sockets,  Drills,  and  Milling  Cutters. 

Hardening  and  Tempering 
Reference  Series   No.   46.     Harden- 
ing AND  Tempering. 

Reference  Series  No.  63.  Heat 
Treatment  of  Steel. 

Blacksmith  Shop  Practice 
and  Drop  Forging 

Reference  Series  No.  44.  Machine 
Blacksmithing. 

Reference  Series  No.  61.  Black- 
smfth  Shop  Practice. 

Reference  Series  No.  45.  Drop  Forg- 
ing. 

Automobile  Construction 

Reference  Series  No.  59.  Machines, 
Tools  and  Methods  of  Automobile 
Manufacture. 

Reference  Series  No.  60.  Construc- 
tion AND  Manufacture  of  Automo- 
biles. 
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Theoretical  Mechanics 
Reference  Series  No.  5.    Fibst  Pbin- 

ciPLEs  OF  Theoretical  Mechanics. 
Reference    Series    No.    19.    Use    of 

FoBMULAS  IN  Mechanics. 

Gearing 

Reference  Series  No.  15.  Spub 
Gearing. 

Reference  Series  No.  37.  Bevel 
Gearing. 

Reference  Series  No.  1.  Worm 
Gearing. 

Reference  Series  No.  20.  Spiral 
Gearing. 

Data  Sheet  Series  No.  5.  Spur 
Gearing.  General  reference  book  con- 
taining tables  and  formulas. 

Data  Sheet  Series  No.  6.  Bevel, 
Spiral  and  Worm  Gearing.  General 
reference  book  containing  tables  and 
formulas. 

General  Machine  Desigrn 

Reference  Series  No.  9.  Designing 
AND  Cutting  Cams. 

Reference  Series  No.  11.     Bearings. 

Reference  Series  No.  56.  Ball 
Bearings. 

Reference  Series  No.  58.  Helical 
AND  Elliptic  Springs. 

Reference  Series  No.  17.  Strength 
OF  Cylinders. 

Reference  Series  No.  22.  Calcula- 
tions OF  Elements  of  Machine  De- 
sign. 

Reference  Series  No.  24.  E^l^mples 
OP  Calculating  Designs. 

Reference  Series  No.  40.  Fly- 
wheels. 

Data  Sheet  Series  No.  7.  Shafting, 
Keys  and  Keyways. 

Data  Sheet  Series  No.  8.  Bearings, 
Couplings,  Clutches,  Crane  Chain 
AND  Hooks. 

Data  Sheet  Series  No.  9.  Springs, 
Slides  and  Machine  Details. 

Data  Sheet  Series  No.  19.  Belt, 
Rope  and  Chain  Drives. 

Machine  Tool  Design 
Reference   Series   No.    14.     Details 

OF  Machine  Tool  Design. 
Reference  Series  No.   16.     Machine 

Tool  Drives. 

Crane  Design 

Reference  Series  No.  23.  Theory  of 
Crane  Design. 

Reference  Series  No.  47.  Design 
of  Electric  Overhead  Cranes. 

Reference  Series  No.  49.  Girders 
FOR  Electric  Overhead  Cranes. 


Steam  and  Gas  Engine  Design 

Reference  Series  Nos.  67  to  72.  in- 
elusive.  Steam  Boilers,  Engines, 
Turbines  and  Accessories. 

Data  Sheet  Series  No.  15.  Heat, 
Steam,  Steam  and  Gas  Engines. 

Data  Sheet  Series  No.  13.  Boilebs 
and  Chimneys. 

Reference  Series  No.  65.  Formulas 
AND  Constants  for  Gas  Engine  De- 
sign. 

Specica  Course  in  Locomotive  Design 

Reference  Series  No.  27.  Boilers, 
Cylinders,  Throttle  Valve,  Piston 
,  AND  Piston  Rod. 

Reference  Series  No.  28.  Theobt 
AND  Design  of  Stephenson  and  Wal- 
scHAERis  Valve  Motion. 

Reference  Series  No.  29.  Smoke- 
box,  Frames  and  Driving  Machinery. 

Reference  Series  No.  30.  Springs, 
Trucks,  Cab  and  Tendeb. 

Data  Sheet  Series  No.  14.  Locomo- 
tive AND  Railway  Data. 

Djmamos  and  Motors 
Reference  Series  No.  34.    Care  and 
Repair  of  Dynamos  and  Motors. 

Data  Sheet  Series  No.  20.  Wiring 
Diagrams,  Heating  and  Ventilation, 
AND  Miscellaneous  Tables. 

Reference  Series  Nos.  73  to  78,  in- 
clusive. 'Principles  and  Applications 
of  Electricity. 

Seating  and  Ventilation 
Reference    Series    No.    39.      Fans, 

Ventilation  and  Heating. 
Reference   Series   No.   66.     Heating 

AND  Ventilating  Sftops  and  Offices. 
Data  Sheet  Series  No.  20.     Wiring 

Diagrams,  Heating  and  Ventilation, 

and  Miscellaneous  Tables. 

Iron  and  Steel 

Reference  Series  No.  36.  Ibon  and 
Steel. 

Reference  Series  No.  62.  Testing 
THE  Hardness  and  Durability  of 
Metals. 

General  Reference  Books 

Reference  Series  No.  35.  Tables 
AND  Formulas  for  Shop  and  Draft- 
ing-room. 

Data  Sheet  Series  No.  12.  Pipe  and 
Pipe  Fittings. 

Data  Sheet  Series  No.  17.  Mechan- 
ics AND  Strength  of  Materials. 

Data  Sheet  Series  No.  18.  Beam 
Formulas  and  Structural  Design. 

Data  Sheet  Series  No.  20.  Wiring 
Diagrams,  Heating  and  Ventilation 
and  Miscellaneous  Tables. 
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Vo*  01.  Blacksmith  Shop  Fractlce.^ — 
Model  Blaeki^mllh  Shop.  WVldlriK;  ForR- 
Ing  of    Hooks  and   Chains;    MI»C(4laneoii8. 

Vo.  6S.  Kai-dnoss  and  Onrablllty  Teat- 
t&ff  of  Motala. 

Vo.  63.  Seat  Treatment  of  St«el, — 
Hardening*    T<'mporiiiK.  c:ns*>l  l.jrd<nliig. 

Vo.  64*     0ag't  Malclnir  and  Ikappinr. 

Vo.  6$.  Formulas  and  Constants  fot 
Oaa  S&gine  Design, 

Vo.  66.  Beatlnf  and  ▼a&tllatlon  of 
Shops  asd  Offlcsa. 

Vo.  67*     Boilers. 

Vo.  88*  Boiler  Furnaces  and  Chim- 
neys. 

Vo.  69*     Feed  Water  AppLLances. 

Vo.  70.     Steam  Bnffl&es. 

Vo,  71.     Steam  Turhines. 

Vo.  73.  Pniups,  Condensers,  Steam  and 
Water  Fipiag* 

Vo.  73;.  Principles  and  Applications  of 
Vleotncilty,  Pnri  l.— StaU«  KUniririty; 
Eit'ctrit  ftl    M»  iisurctnr'iitM;    Uutttrl'H, 

Vo.  74.  Principles  and  Applications  of 
Slectxicity.  fan  ll.^-MiiuTirnstii;  K\t-c- 
tro  MagTioiUm;     Kleetro  PlathiK. 

Vo.  76.  Principles  and  Applications  ol 
Slectzicity,  Fart  III. — Dyni*rn'»s;  M<>lors; 
VAeilrU-    Rftllways. 

Vo.  76.  Principles  and  Applications  of 
electricity*     Part     IV.— Elo*  Liio     LIkIUIiik 

Vo.  77.     Principles  and  Applications  of 
XUectrlclty*   Part   V. — Tf-k'iir:iph   and    TtAo 
phone. 

Vo.  78.  Principles  and  Applications  of 
BlectrlGitjt  Port  VL — TnansmlHuion  of 
Power. 


Vo*  79*     XiOcomotlve  Building,  Part  L— 
Main  timl  .Side  n««fl.s. 
Vo.  80.     X.ocomotl7e   BnUdlnff^   Pari    It 

—  Wheels;  Axt*s;  Driving  boxv». 

Vo.  81.  Zfocomotive  Bnlldlnr,  Part  III 
— Cy  I  i  n il r' r?i    .  u  ni    1'"  rn  m k^h. 

VO.  83.  itocomotlTe  BnilAinff,  Part  IV. 
— ViilvH'  Motliin. 

Vo.  B3.  locomotive  Bnildlttff,  Part  V 
— Boiler    Shop    Pra<  iKt?. 

Vo.  84.     I*ocomotlTe  Building,  Part  VL 

Vo.   85.    Mechanical   Brawlnff*    Part    L 

—  Instrumentet;       Mntvrlalit;      Geonietrteal 
Prublerns. 

Vo.  86.    Mechanical   Drawinffi   Pat-I   n. 

—  PrnJeittOTK 

Vo.  87.  Mechanical  Brawin^^  Part  III 
— Maeliint*  DiUtHs. 

Vo.  88.  Mechanical  Brawing',  Part  IV. 
— Mac'hhiL'    Dt'taU.H 

Vo.  89.  The  Theory  of  Shrinkage  and 
Forced   Fits. 

Vo.  90.     Ballwaj   Bepalr  Shop   Practice, 

Vo.  91.  Operation  of  Machine  Tools.^ — 
Tti«>   l.alht*.   Part  1. 

Vo.  92.  <>peration  of  Machine  Tools.— ^ 
Tht*   I^itho,   Part   11. 

Vo.  93.  Operation  of  Machine  Toots* — 
IMatMr,  Shiijjt  r,   Slolitj 

Vo.  94.  Operation  of  Machine  Tools. ^- 
iJTiillinii    .\lr»rinii.-s. 

Vo.  95.  Operation  of  Machine  Tools. — 
iSMrlrtK   MathiTHs. 

Vo.  96.  Operation  of  Machine  Tools. — 
MilUnK  Ala*  liiiK^.  l\iti   I. 

Vo.  97.     Operation  of  Machine   Tools. — 

Vo.  98*  Operation  of  Machine  Tools. — 
arlf>i![riK   MarhifuH. 

Vo.  99.  Automatic  Screw  Machine 
Practice*  Part  I.^i  >i>^»ratlon  of  th^  Brown 
At   ShiirjH-   Ault'niulli    fc^cn-w    Mac  tit  no. 

Vo.  100.  Antomatlo  Screw  Machine 
practice*  r*;irt  U  — 1  »^'«<ifiiilh«  lunl  futtln^ 
<"aiT>H    fiiT    tin*    Anlimmlk'    Sinw    Mathiint'. 

Vo.  101.  Automatic  Screw  Machine 
Practice,   r';»!i    in       rirruhtr  Forming  anil 

Vo.  103.  Automatic  Screw  Machine 
Practice*       I^nt       lV,^K\iirn,il       »\ittliiu 
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itt  V  hilrrtiil  CutltnK  Tools, 
Vo.  104.  Automatic       Screw       Machine 

Practice*  Purt  \  I  ThrcjulJiiK  Opi-ratlonH. 
Vo.  105.  Automatic        Screw        Maclilue 

Practice  r.<n  VII  Knurlhi^,-  i>p.r;iHnnH. 
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MACHINERY'S    DATA    SHEET    SERIES 

MACTTTNEnY's  Data  Sheet  Books  Inrhidp  th^  wfil-ktiown  series  of  Data  Sh**ets 
originated  by  MACMi>ti:itv.  and  isaued  nioDthly  as  suppl^^ni^nts  lo  tht^  piiblkatlon: 
of  these  Data  Sheets  over  5iJ0  have  been  publislied.  and  6,000,001)  copies  sold.  Re- 
vised  and  greatly  amplified*  they  are  now  presented  in  book  form,  kindred  sutK 
^ects  being  grouped  together.  The  imrcha.se r  may  setnire  either  the  books  oo 
those  subjecta  In  whirh  he.  Is  specially  intert*sted,  or»  if  he  pleases,  the^'hole  a^  at 
one  time.  The  price  of  earh  hmik  i.H  2r»  cents  (onf*  shilling )Di^if^^yk/|^yt^Q^>^li^e 
<"  the  world.  ^ 
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Vo.  1.  Sor0w  Tlir«&dB. — Un Ued  States, 
WliltwoTth,  Sharp  V-  fitul  British  Associa- 
tion Standard  Thr»-adj<;  BrlRj?s  Pipe 
Threau;  Oil  Well  Casing  Gages;  Fire  Hose 
ConnectloiiF;  Acme  Thnad;  Worm 
Threads:  Metric  Threads;  Maehlnr,  Wood, 
and  t#a«  Screw  Threads;  Carriage  Bolt 
Threads*  etc. 

Kf>.  a.  8cr«w*,  Bolts  and  Vnta.— Fil- 
lister-head* Square-heiul  Headless,  Col- 
lar-head and  Hexagon -head  Scr^-ws;  Stand- 
ard and  Special  Nuts;  T-nuts,  T-bolts  and 
Washer*?;  Thumb  Screws  and  Nuts;  A.  L., 
A,  M.  Standard  Screws  and  Nuts;  Machine 
Screw  Heads;  W^nod  Screws;  Tap  DrlUa; 
Lock  Nuts;  Eye-bolts,  etc. 

Ho.  34  Taps  and  Diss. — Hand,  Machine, 
Tapper  and  Machine  Screw  Taps;  Taper 
Die  Taps;  Sellers  Hobs;  Screw  Machine 
Taps,  Straight  and  Taper  Boiler  Taps; 
3tay-boll.  Washout,  and  Patch -holt  Taps: 
Pipe  Taps  and  Hohs;  Solid  Square,  Rcmnd 
Adjustable  and  Spring  Screw  Threading 
Dies. 

Vo.  4.  meftnitni,  Sockets,  Drills  Rad 
millpg  Cmttws, — Haivd  Reamers;  Shelt 
Reamern  and  Arbors;  Pipe  Reamers;  Taper 
Pins  and  Reamers;  Brown  &  Sbarpe, 
Mttrse  and  Jarno  Taper  SocKetw  and  Ream- 
ers; Drills;  Wire  Ga^es;  Milling  Cutters; 
Setting  A»igles  for  Milling  Teeth  In  End 
Mills  and  Angular  Cutters*  etu. 

ITo.  5,  9piur  Oeaxisff. — Diametral  and 
Circular  Pitch;  Dimensions  of  Spur  Gearss; 
Tables  of  Pitch  E>lameter»;  OdontoRtaph 
Tables;  Rolling  Mill  Gearing;  Strength  of 
Spur  Gears;  Horsepower  Transmitted  by 
Cast-iron  and  Rawhide  F'lnlons;  Design  of 
Spur  Gears;  Weight  of  Cast-iron  Gears; 
Ep  I  cyclic  Gearing. 

iro.  6*  B«T«1,  Spiral  and  Worm  CHar* 
ing,— Rules  and  Fcirniulas  for  Bevel 
Gears;  Strength  ff  Bevel  Gears;  Design 
of  Bevel  Gears;  Rules  and  Formulas  for 
Spiral  Gearing;  Tables  Facilitating  Calcu- 
lations; Diagram  for  Cutters  for  Spiral 
G«ars;  Rules  and  Formulas  for  Worm 
Gearing,  etc, 

Xo*  7.  BliaftixLg-,  KsFS  mud  Zejriraja. — 
Horsepower  of  Shafting;  Diagramf*  and 
Table*  for  the  Strength  of  Shafting; 
Forcing.  Driving,  Shrinking  and  Runnluig 
Fits;  Woodruff  Keys;  United  States  Navy 
Standard  Keys;  Gib  Keys;  Milling  Key- 
ways;   Duplex   Keys. 

Mo.  8.  BenTiMg-B,  Conplinrs,  ClntclieBt 
Cran«  ChalnL  and  Hooks. — PUIi>w  Blocks; 
Bjiht>itted  Bearings;  tin  11  and  Roller  Rear- 
Inga;  Clamp  Couplings*;  Plate  Couplings; 
Flange  Couplings;  Tooth  Clutches;  Crab 
Couplings;  Cone  Clutche.*?;  Universal 
Joints;  Crane  Chain;  Chain  Friction; 
Crane  Hooks;  Drum  Scores. 

Vo.  9.  Bi^iiiffSt  Slides  and  Iffufihlns 
Details* — Formulas  and  Tabhts  for  Spring 
Calculations;  Machine  Slides;  Machine 
Handles  and  I^overs;  Collars;  Hand 
Wheels;  Pins  and  Cotters;  Turn-buckles^ 
etc. 

Vo.  10.  Motor  Brl^e,  Sp«sds  and  Feeds, 
Chang:*  Gearing,  and  Boring  Bars. — F'ltwer 
re*julred  f<7r  Maetiin*-  T^'ols^;  Cmltinif 
Speeds  and  Ferds  for  Carbon  and  High- 
speed Steel:  Screw  Machine  Speeds  and 
Feeds;     Heat     Treatment     of    High-speed 


Steel  Tools;  Taper  Turning:  Chanife 

Ing  for  tile  I*nthe;  Boring  Bars  and  Tools,  J 

etc. 

Bo.  11.     MilllAff       Mackine       Zndezlar*  i 
damping'    Devices    and    Planar    Jacks* — - 
Tables     for     Milling     Machine     Indexing; 
Change  Gears  for  Milling  Spirals;  Angles  J 
for   setting    Indexing    Head    when    Milir 
Clutches;    Jig    Clamping    Devices;    StfS 
and  Clamps;  Planer  Jacks. 

Vo.  12.    Flps   and  Plpa  71ttliifv.^l 
Threads    find    Gages;    Cast-iron    FlttingJRri 
Bronse     Fittings;     Ptpe     Flangres;      Pipe  | 
Bends;  Pipe  Clamps  and  Hangers;  Dlmen« 
slons  of  Pipe  for  Various  Services,  etc. 

Bo.    13.     Boilers   and    CklmiisT'S. — F]\i«] 
Spacing  and  Bracing  for  BoHers;  Strength  T 
of  Boiler  Joints;  Riveting;  Boiler  Setting: 
Chimneys, 

Xq*  14*  ^ocomotlv-e  and  matlway  Oftta*! 
— Locomotive  Boilers;  Bearing  Pressures  [ 
for  Locomotive  Journals;  Locomotive  j 
ClasslficatJnns;  Rail  Sections;  Frogs, 
Switches  and  Croaa-overs;  Tires;  Tractive 
Force;  Inertia  of  Trains;  Brake  Levers;  ] 
Brake  Rods.  etc. 

Mo.  15.  Steam  and  CHhs  Snfflnes. — Sat<  J 
urated  Steam:  Steam  Pipe  sHees;  Stennt  j 
Engine  Design;  Volume  of  Cylinders;! 
Stutfiing  Boxes;  Setting  Corliss^  Engine] 
Valve  Gears:  Condenser  and  Air  Pump  J 
Data;  HorHvpowtr  of  Gasoline  Englne>;| 
Automobile    Engine    Crankshafts,    etc 

Vq*  16.  Matliematioal  Tablss.^ — Squares  | 
of  Mixed  Numbers;  Functions  of  Fra<^- 
thms;  Circumference  and  Diameters  ofl 
Circles;  Tables  for  Spacing  off  Circles;  [ 
Solution  of  Triangles;  Formulas  for  Solv- | 
ing  Regular  Polygons;  Geometrical  Pro- 
gression, etc. 

JTo.  17.  Mecluuilcs  and  Strenftii  of  Vft-  J 
terlals. — Work;  Energy;  Cenirffussit  ' 
Force;  Center  of  Gravity;  Motion;  Fric- 
tion; Pendulum;  Falling  Bodlea;  Strength 
of  Materials;  Strength  of  Flat  Platea;  i 
Ratio  of  Outside  and  Inside  Radii  of  J 
Thick  Cyll»tl<?r&,  etc. 

Wo,  Id.    Beam  Pormulai  and  Stmetnral  | 
DealgiL.— Beam   Formulas;   Sectional  Mod-  f 
ull    of    Structural    Shapes;    Be^im    Charts; 
Net    Areas    of    Structural    Angles;    Btvetj 
Spacing;     Splices     for     Cliannels     and     f-- 
beams;  Stresses  in   Roof  Trusses,  etc. 

Bo.  19,     Belt,  mope  anrt  rtr-t-  jy^wmm^ — 
Dimensions   of   Pulleys:  of  Pul- 

leys; Horsepower  of   Be,  i    Veloc- 

ity; Angular  Belt  Driv-.-,  t  iffttepower 
transmitted  by  Ropes;  Sheaves  for  Rope  i 
Drive:  Bending  Stresses  in  Wire  Rop«.«;  ( 
Sprockets  for  Link  Chains;  Formulas  and  I 
Tables  for  Various  Classes  of  Driving  | 
Chain. 

Bo.  SO.  Wiring  Diagrams ^  Saatlnr  and  1 
Ventilation,  and  Mlsoellaneons  Tables. — 
Typkul  Motor  Wiring  I>1a^r;iniF;  Resist- 
ance of  Round  Copper  Wir«s  Bobber  CitV* 
ered  Cables:  Current  Deisnlrifs  for  Vari- 
ous Contacts  and  Mater isi Is;  Cetitrifiiicjit 
Fan  and  Blower  Capacities;  Ho' 
Main  Capacities;  Miscellaneous 
Decimal  Equivalents.  Metric  Coi 
Tables.  Weights  and  Specific  Gntviiy  of  J 
Metals,  Weights  of  Fillets.  Drafting-room  j 
Conventions,    etc. 
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CHAPTER  I 


LAYING-OUT  AND  MAOmNING  OPERATIONS 

The  art  of  drop  forging  has  worked  a  great  change  in  the  product 
of  the  blacksmith  shop,  both  in  regard  to  the  quality  and  the  quantity 
of  the  work  produced.  It  has  created  a  new  branch  of  the  business^ 
and  has  enabled  forgings  to  be  employed  in  thousands  of  cases  where 
this  had  formerly  been  impossible  on  account  of  the  expense.  Drop 
forgings  are  made  to-day  for  nearly  every  branch  of  metal  manufactur- 
ing, although  the  automobile  industry  has  given  rise  to  a  much  greater 
demand  for  them  than  has  any  one  other  industry. .  Drop-forg- 
Ings  are  made  that  weigh  biit  a  fraction  of  an  ounce,  and  others  that 
weigh  a  hundred  pounds  or  over.  They  are  made  from  iron,  steel, 
copper  and  bronze.  It  is  needless  to  speak  of  the  advantages  of  the 
operation  of  drop  forging;  economy  of  manufacture,  strength,  inter- 
changeability,  and  the  general  appearance  of  the  product,  are  all  Im- 
portant factors. 

The  object  of  this  treatise  is  not,  however,  to  deal  with  the  drop- 
forging  operation  itself,  but  to  treat  of  the  dies  for  this  interesting 
work,  and  to  consider  some  of  the  methods  and  tools  used  in  the  die- 
sinking.  The  good  die-sinker  must  be  somewhat  of  an  all-round  me- 
chanic; he  must  have  the  knowledge  of  machine  work  of  the  machinist; 
the  skill  of  the  ornamental  die-sinker,  for  sinking  the  irregular  impres- 
sions; and  a  knowledge  of  steel  working  so  as  to  know  just  how  the  hot 
steel  will  flow  under  the  dies.  The  majority  of  the  drop-forge  die- 
fldnkers  of  to-day  have  emanated  from  the  ranks  of  the  machinists  and 
tool-makers,  but  the  die-sinkers  of  to-morrow  will  be  specialists  whose 
thorough  training  has  been  acquired  entirely  in  this  one  important  class 
of  work. 

Classes  of  Drop-torging  Dies 

Drop-forging  died,  like  dies  for  the  punch-press,  are  of  several  differ- 
ent types.  Perhaps  the  most  simple  form  of  drop-forging  die  would  be 
a  pair  of  dies  for  producing  a  simple  round  forging,  as,  for  instance,  a 
gear  blank.  These  dies  would  require  a  central  impression  turned  in 
each  of  the  dies  of  the  pair.  Before  using  the  dies,  a  square  plate  of 
steel  is  worked  under  the  hammer,  drawing  out  a  short  shank  at  the 
side,  and  "knocking  down"  the  corners.  This  roughly  shaped  block  of 
steel  is  held  by  the  shank  and  placed  between  the  dies  and  thus 
brought  to  shape. 

The  most  common  form  of  drop-forging  die,  however,  is  the  one  in 
which  there  is  a  central  impression  to  shape  the  forging,  and  a  side 
impression,  called  the  "edger,"  "break-down"  or  "side-cut,"  that  helps 
to  properly  distribute  the  hot  steel.  To  make  clear  the  use  of  these 
two  sets  of  impressions,  a  drop-forging  die  of  this  description  may  ba 
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likened  to  a  drawing  of  the  finished  forging,  in  which  the  outline  of  the 
central  impression  would  resemble  the  plan  view  of  the  forging,  and 
the  two  halves  of  the  edger  would  correspond  to  the  side  elevation  of 
the  forging.  Of  course  this  illustration  is  not  literally  correct,  but  it 
expresses  the  general  idea.  The  edger  is  always  on  the  right-hand  side 
of  the  die,  and  the  steel  bar  is  struck  first  in  the  break-do'.vn,  edgewise, 
and  then  turned  and  struck  flat  in  the  impression,  alternating  in  this 
manner  until  the  forging  is  "full." 

There  are  also  dies  that  in  addition  to  the  central  impression  and  the 
edger  are  made  with  an  anvil  or  "fuller/*  as  it  is  sometimes  termed. 
The  anvil  is  formed  in  the  dies  at  the  left-hand  side,  and  is  used  to  draw 
out  the  stock  previous  to  striking  it  in  the  edger  or  in  the  impression 


T\g,  1.    ▲  Qroup  of  Untiinuned  Forffingv 

itself.  Dies  with  anvils  are  necessary  in  making  forgings  in  which 
there  is  a  considerable  displacement  of  the  stock.  A  double-ended 
wrench,  which  is  thin  in  some  places  and  very  much  thicker  and  wider 
In  other  places,  may  be  mentioned  as  an  example.  The  anvil  consists 
of  two  flat-faced  parts  of  the  die,  whose  faces,  called  "fullers,"  come 
just  near  enough  together  to  flatten  the  stock  to  such  dimensions  that 
when  finished  in  the  central  impression  very  little  stock  will  be  left 
to  be  squeezed  out  as  the  fin.  After  the  stock  has  been  thus  drawn 
out  to  roughly  fit  the  impression,  the  forging  is  shaped  in  the  usual 
way  by  means  of  the  edger  and  the  die  impressions.  A  considerable 
number  of  large  drop-forging  dies  require  anvils.  In  making  the  dies 
for  diflacult  forgings,  there  are  often  other  special  features  incorporated 
in  the  dies,  which  will  be  more  fully  described  later. 

Fig.  2  shov.s  the  lower  half  of  a  set  of  dies  with  a  break-down  A, 
An  anvil  B,  and  the  die  impression  C.    The  sprue  is  shown  at  D,  the 
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gate  at  E,  the  flash  at  F,  and  the  shank  at  O.  In  Fig.  1  are  shown  sev- 
eral completed  forglngs  before  being  trimmed.  The  center  of  the  eye- 
holt  is  the  only  part  that  has  been  trimmed.  The  excess  metal  around 
the  forging  is  called  the  "fln*'  and  is  removed  in  a  separate  operation, 
which  may  be  done  either  hot  or  cold.  If  the  forgings  are  to  be  cold- 
trimmed,  as  is  the  case  with  most  small  forgings,  the  dies  are  made  with 
a  cut-ofT  to  sever  the  forging  from  the  bar  when  finished.  If  the  forg- 
ings are  to  be  hot-trimmed,  they  are  severed  in  the  trimming  press, 
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and  the  forging  dies  will  need  no  cut-ofT.    Fig.  3  shows  a  group  of  small 
finished  forgings. 

Thus  far  we  have  considered  only  dies  with  one  impression,  but  in 
dies  for  first-class  forgings.  especially  when  there  is  a  large  number 
to  be  made,  two  impressions  are  provided,  the  forming  and  the  finish- 
ing. The  forging  is  nearly  completed  by  the  edger  and  the  forming 
impression  (and  anvil  if  needed),  and  finally  struck  several  blows  in  the 
finishing  impression  to  bring  it  up  to  size  and  finish  it.  Thus  the  finish- 
ing impression  is  saved  the  severe  duty  of  completely  forming  the  forg- 
ing, and  hence  the  dies  last  longer.  On  small  and  medium-sized  forg- 
ings these  two  Impressions  are  placed  side  by  side  in  the  same  die,  but 
if  the  forging  is  large,  the  finishing  impression  is  made  in  a  separate 
set  of  die-blocks  and  set  up  in  a  hammer  set  close  to  that  which  forms 
the  forging.  The  forger  uses  both  hammers  to  get  out  the  work  in  such 
cases.  It  is  seldom  that  more  than  two  impressions  are  cut  in  the  same 
set  of  dies,  but  if  the  piece  is  small  and  the  number  of  pieces  to  be 
forged  great  it  is  often  advisable  to  make  the  sets  of  dies  with  two 
or  more  finishing  impressions  in  addition  to  the  forming  impression. 
If  this  is  done,  the  die  has  a  longer  life,  for  after  one  of  the  finishing 
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impressions  gives  out  by  spreading  or  "checking,**  there  is  still  a  good 
finishing  impression  left. 

In  addition  to  these  different  styles  of  drop-forging  dies,  the  dies  for 
trimming  the  fin  from  the  forging  must  be  taken  Into  consideration.  As 
already  indicated,  trimming  dies  are  of  two  classes:  those  for  trimming 
the  forging  while  it  is  hot  and  those  for  trimming  the  forging  after  it 
is  cold.  The  making  of  drop-forging  dies  for  forgings  of  other  metals 
than  steel  or  iron  involves  the  use  of  special  methods.  This  phase  of 
the  subject  will  be  treated  later. 

Information  Required  by  the  Die-sinker 

Before  the  die-sinker  begins  making  the  die,  he  should  be  given 
certain  information  about  the  job  he  is  to  do,  in  order  to  make  a  set 
of  dies  that  will  give  satisfactory  results.    As  a  general  rule,  he  Is  fur- 
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nished  with  either  a  drawing  or  a  model  of  the  finished  part,  or,  what  is 
most  satisfactory  of  all,  with  a  sample  forging.  He  must  know  what 
finishing  operations  the  forging  is  to  pass  through,  so  as  to  allow 
enough  stock  for  machining,  and  he  must  know  of  what  metal  the  piece 
is  to  be  made,  so  as  to  cut  the  dies  large  enough  to  allow  for  the  shrink- 
age of  the  metal. 

With  this  information  supplied  he  must  decide  upon  a  number  of  other 
points  that  are  largely  a  matter  of  judgment  on  his  part — points  that 
have  to  do  with  the  successful  working  of  the  dies.  He  must  decide, 
first,  whether  to  make  the  set  of  dies  with  a  forming  impression  in 
addition   to   the  finishing   impression;    second,   the   way    in    which   to 
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"face"  the  impression  on  the  die-block  so  as  to  be  able  to  use  the  best 
form  of  edger;  third,  whether  to  include  an  anvil  in  the  dies;  and 
fourth,  the  type  of  hammer  or  hammers  the  dies  will  be  used  in,  so 
that  the  dies  arc  made  in  blocks  of  the  proper  size.  In  making  the 
trimming  dies  he  must  also  decide  whether  to  trim  the  forging  hot  or 
cold.  With  these  points  decided,  he  Is  prepared  to  start  the  making  of 
the  dies. 

Steel  for  Drop-for^iner  Dies 

Open-hearth  crucible  steel  is 
the  material  from  which  nine- 
tenths  of  all  drop-forging  dies 
are  made ;  a  60-point  carbon  steel 
is  used  for  most  of  the  dies.  In 
some  cases,  however,  steel  as  low 
as  40-point  carbon  and  as  high 
as  85-point  carbon  is  used,  but 
few  shops  use  anything  but  60- 
point  carbon  steel  for  the  general 
run  of  work.  If  a  low-carbon 
steel  is  used,  a  special  hardening 
treatment  is  required,  which  out- 
weighs any  saving  in  the  price 
of  the  steel.  Of  course,  the  high- 
carbon  steels  make  good  dies,  but 
except  in  special  cases,  there  is 
no  necessity  for  using  so  high- 
priced  a  steeL  The  average  60- 
point  carbon  steel  die,  if  prop- 
erly hardened,  should  last  for 
from  15,000  to  40,000  forgings 
and  sometimes  as  many  as  70,000 
forgings  are  made  from  one  set 

Typ«_that    of  dieS. 

In  making  dies  for  large  forg- 
ings it  is  often  considered  advisable  to  use  80-point  carbon  steel  for 
the  dies,  and  not  to  harden  them.  This  obviates  the  danger  of  "check- 
ing" or  cracking  in  hardening,  and  the  steel,  unhardened,  is  hard 
enough  to  resist  the  tendency  to  stretch. 

In  Fig.  4  is  shown,  in  section,  a  pair  of  drop-forging  dies  for  forging 
automobile  hubs.  Dies  of  this  design  should  be  made  of  high-carbon 
steel  and  left  soft  on  account  of  the  projecting  ring  in  the  bottom  of  the 
impression  which  would  be  likely  to  break  off  if  the  die  were 
hardened.  A  steel  fairly  high  in  carbon  should  always  be  employed  for 
dies  that  are  to  be  used  for  making  forgings  from  tool  steel  or  other 
hard  steel.  When  making  forgings  for  very  thin  parts  that  cool  quickly 
while  being  forged,  it  is  usually  preferable  to  use  tool  steel  for  the  dies, 
in  order  that  they  may  be  hardened  to  a  depth  sufficient  to  withstand 
the  tendency  of  the  dies  to  "dish."  A  drop-forging  die  or  any  die  used 
in  the  drop  hammer,  is  said  to  be  "dished"  when  the  force  of  the  blows 
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it  receives  causes  the  central  part  of  the  face  to  sink  beneath  the  level 
of  the  remainder  of  the  face.  This  condition  results  in  forgings  or 
stampings  that  are  too  thick  in  their  central  parts.  Dishing  is  usually 
traceable  to  a  low  grade  of  steel  or  to  improper  hardening. 

Preparation  of  the  Stock 

The  best  method  of  preparing  the  die-blocks  is  to  plane  the  stock  in 
lengths  of  from  six  to  eight  feet,  after  which  it  may  be  cut  to  any 
lengths  required  by  the  sizes  and  shapes  of  the  forgings  for  which 
the  dies  are  being  made.  Occasionally  a  pair  of  die-blocks  must  be 
planed  for  a  special  job,  but  it  is  quicker  and  cheaper  to  plane  them  In 
lengths  when  the  work  warrants  it,  although  many  shops  do  not  take 
advantage  of  this.  The  steel  may  be  obtained  from  the  mills  in 
ordinary  sections  suitable  for  dies  six  or  eight  inches  In  height,  which 
are  the   sizes  mostly  used.     At  the   time  of  planing,   the  dies   are 
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Fiff.  6.    Lajrlncr  out  the  Dies:  Tranaferrliiff  a 
the  Other  of  »  Pair 


Line  from  One  Die  to 


"shanked"  with  the  proper  bevel  and  height  of  shank,  to  agree  with 
the  system  In  vogue  in  the  shop  where  the  dies  are  to  be  used. 

The  die-blocks  are  planed  on  the  front  and  left-hand  sides  for  a  dis- 
tance of  two  inches,  or  a  little  less,  from  the  face.  These  two  cuts  are 
merely  "skin  chips,"  and  are  perfectly  square  with  each  other  and  with 
the  shank  of  the  die;  their  purpose  is  to  furnish  faces  from  which  the 
impressions  may  be  laid  out.  The  use  of  these  "matchlng-sides"  is 
plainly  indicated  in  Fig.  5.  The  reason  for  using*  the  left  side  is  be- 
cause the  edger  is  always  to  the  right,  and  in  cutting  away  for  this  part 
of  the  die,  the  lay-out  face  would  be  destroyed.  This  would  make  it 
impossible  to  work  from  that  side  afterward,  in  case  it  should  be 
necessary  to  make  changes  in  the  impression.  On  the  left  side  the 
anvil  is  formed,  but  this  interferes  but  little  with  the  working  face 
that  has  been  planed,  because  the  anvil  occupies  but  little  space,  at 
least  as  regards  depth.     In  planing  these  working  faces,  care  must  be 
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exercised  to  have  the  faces  perfectly  parallel  with  the  shanks  of  the 
dies;  otherwise  the  two  halves  of  the  forging  will  appear  to  be  twisted 
with  relation  to  each  other,  and  to  correct  the  error  It  will  be  necessary 
to  "shim"  the  dies— a  practice  that  should  be  permitted  only  as  a  last 
resort. 

There  are  various  precautions  taken  to  prevent  blunders  in  the  setting 
up  of  the  dies.  The  forger  usually  lines  up  the  dies  by  matching  the 
sides  of  the  die-blocks.  On  dies  whose  matching  faces  have  been  cut 
away,  the  die-sinker  usually  cuts  a  deep  "nick"  from  one  die  to  the 
other,  while  they  are  in  alignment.  The  shank  of  the  upper  die4)lock 
is  milled  with  a  "half-hole"  to  fit  the  familiar  "dutchman"  in  the  ham- 
mer of  the  drop-press. 

Laylner  out  the  Dies 

We  are  now  ready  to  take  up  the  work  of  laying  out  and  cutting  the 
impressions  in  the  dies.  The  laying-out  of  drop-forging  dies  is  totally 
different  from  the  laying-out  of  blanking  dies,  this  being  due  principally 
to  the  different  allowances  that  must  be  made  for  shrinkage,  draft  and 
finish.  The  allowance  for  shrinkage  is  an  important  one.  In  order  to 
properly  understand  the  considerations  to  be  taken  into  account,  it  is 
necessary  to  understand  the  trimming  methods  employed  for  remov- 
ing the  fin.  Small  forgings  are  invariably  completed,  and  the  fin 
trimmed  off  after  they  are  cold;  such  forgings  are  said  to  be  cold- 
trimmed.  Larger  forgings  are  trimmed  hot  and  then  struck  once  or 
twice  to  finish  and  staighten  them,  as  it  is  probable  that  the  trimming 
has  somewhat  distorted  them.  At  the  time  of  the  last  blow,  the  forg- 
ing has  cooled  to  a  low  red  heat.  In  making  dies  for  small  cold- 
trimmed  steel  forgings,  the  proper  allowance  for  shrinkage  is  3/16 
inch  to  the  foot  or  0.015  inch  to  the  inch.  Such  forgings  are  com- 
pleted at  a  bright  red  heat,  and  the  rate  of  shrinkage  is  great. 

In  making  dies  for  hot-trimmed  steel  forgings,  which  are  of  mediimi 
and  large  size,  the  proper  allowance  for  shrinkage  is  %  inch  to  the 
foot  or  0.010  inch  to  the  inch.  Hot-trimmed  forgings,  receiving  the 
finishing  blow  while  relatively  cold,  shrink  a  smaller  amount  than  forg- 
ings that  are  cold-trimmed.  These  proportions  hold  true  for  all  dimen- 
sions of  the  die  Impression,  whether  they  be  depth,  width  or  length.  In 
making  dies  for  forging  bronze  or  copper,  the  same  principles  apply, 
and  the  rate  of  shrinkage  for  cold-trimmed  forgings  is  3/16  inch  to  the 
foot,  and  for  hot-trimmed  forgings  %  inch  to  the  foot,  or  practically 
the  same  as  for  steel. 

The  Draft  Allowance 

It  would  be  very  convenient  if  we  could  sink  forging  dies  with  sides 
perfectly  straight,  the  same  as  a  die-casting  mold,  but  in  die-sinking 
this  is  impossible,  as  the  forging  would  stick  in  the  die.  To  over- 
come this  tendency,  we  employ  "draft,"  just  as  the  pattern-maker  does. 
The  amount  of  draft  given  a  drop-forging  die  varies  from  3  degrees  to 
10  degrees.  If  the  die  is  for  a  thin  regular  forging,  like  an  oval  treadle 
plate,  3  degrees  is  ample,  but  if  the  forging  die  is  deep,  with  narrow 
ribs  which  are  apt  to  stick,  at  least  7  degrees  is  necessary.    Should  the 
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die  be  for  forging  a  piece  that  is  ring-shaped  or  has  a  ring  in  its 
make-up  the  central  plug  that  forms  the  interior  of  the  ring  will  re- 
quire a  draft  of  10  degrees,  because,  as  the  forging  cools  while  being 
worked,  it  tends  to  shrink  together  around  the  plug,  and  if  the  draft 
is  insufficient,  it  will  stick  in  the  die.  With  the  above  exceptions,  how- 
ever, the  majority  of  drop-forging  dies  are  cut  with  a  7-degree  draft. 
For  convenience  In  laying  out,  it  is  well  to  remember  that  a  7-degree 
taper  equals  practically  a  i,^-inch  taper  to  the  inch,  and  a  10-degree 
taper,  3/16-inch  to  the  inch. 

The  Allowance  for  Finish 

By  "the  allowance  for  finish''  is  meant  the  additional  metal  that -is 
"put  on"  the  forging  at  those  places  that  are  to  be  machined.  Very 
often  it  happens  that  there  is  no  finish  required  on  the  forging,  in 
which  case,  of  course,  there  will  be  no  allowance.    Usually,  however. 


Machtnert,N.7. 


Fiff.  6.  Templet  with  Shrlnkacre.  Draft  and  Finish  Allowaaoeo  added,  oaed 
in  tumlnflr  out  the  Impression  In  a  Die  for  a  Bevel  Gear  Blank.  B  shows 
the  Finished  Q9a.r  Forffing'  after  beinflr  machined 

there  are  bosses  to  be  faced  oft  or  other  places  that  require  machining, 
and  in  such  cases  the  forging  is  left  1/32  inch  oversize  at  these  points. 

Scribing'  the  Outline 
In  laying  out  the  dies  the  first  step  is  to  copper  the  faces  of  both 
the  upper  and  lower  die,  after  which  center  lines  should  be  scribed  from 
the  two  matching  sides  of  the  die-blocks.  If  the  forging  is  irregular  in 
outline,  it  is  advisable  to  make  a  templet.  Not  only  will  the  templet 
be  useful  in  laying  out  the  two  impressions,  but  if  the  forging  is  to  be 
hot-trimmed,  the  templet  can  be  used  in  laying  out  the  trimming  die 
and  punch.  The  use  of  a  templet  insures  that  the  two  dies  will  match 
perfectly,  for  after  laying  out  the  lower  die,  the  templet  is  simply  re- 
versed and  used  for  the  upper  die.  The  templet  should  be  made  of 
thin  sheet  metal,  and  if  brass  or  zinc  is  Used,  it  may  be  sawed  out  with 
a  band  or  scroll  saw  and  then  filed  to  the  line  in  the  usual  way.  Fig. 
6  shows  at  A  a  templet  for  a  bevel  gear  forging,  with  the  various 
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allowances  made,  ready  to  be  used  in  laying  out  the  impression;  B  is 
the  finished  gear  blank.  First  the  outline  of  the  finished  forging  is 
laid  out,  then  the  draft  allowance  is  added,  and  at  those  points  that 
must  be  machined,  allowance  is  made  on  the  templet  ior  this  purpose. 
In  laying  out  the  set  of  lines  for  the  shrinkage  allowance,  a  shrink- 
rule  is  used,  either  a  %  inch  to  the  foot  or  a  3/16  inch  to  the  foot,  as 
the  case  may  require. 

Frequently  it  happens  that  the  outline  of  the  forging  at  the  parting 
line  is  simple  and  regular,  as,  for  instance,  in  the  case  of  an  eye- bolt 
forging.  In  the  case  of  such  a  simple  shape,  there  is  no  necessity  for 
a  face  templet,  as  the  outline  may  be  laid  out  from  the  two  matching 
sides  of  the  dies  by  means  of  a  square  and  dividers.  In  order  that  the 
outlines  of  the  impressions  on  the  two  blocks  may  come  in  perfect 
alignment,  two  and  sometimes  three  combination  squares  are  used 
in  locating  the  templet  on  the  blanks,  in  case  a  templet  is  used.  The 
templet  is  placed  in  its  proper  position  on  the  face  of  one  of  the  die- 
blocks,  and  a  combination  square  is  set  from  each  of  the  matching  sides 
to  the  edge  of  the  templet.  With  the  templet  against  the  ends  of  the 
square  blades,  the  outline  is  scribed;  then,  without  changing  the  blades 
of  the  squares,  they  are  placed  in  corresponding  positions  on  the  other 
die-block,  thus  locating  the  templet  (now  reversed),  and  the  outline  is 
scribed  on  this  die.  The  combination  square  also  affords  a  g^od  way 
for  transferring  lines  from  one  die  to  the  other.  Fig.  5  shows  the  die- 
sinker  transferring  a  measurement  from  one  die  to  the  other  die  upon, 
which  he  has  started  work.  After  the  outlines  of  the  two  impressions 
are  scribed  on  the  faces  of  the  die-blocks,  they  should  be  either  lightly 
prick-punched  at  intervals  along  the  lines,  or  they  should  be  traced 
with  a  small,  sharp  chisel,  using  the  chisel  after  the  manner  of  a  punch, 
and  moving  it  after  each  tap  of  the  hammer  so  as  to  obtain  a  clear, 
deep,  continuous  line. 

In  planning  the  lay-out  of  a  drop-forging  die,  there  are  several  points 
that  must  not  be  overlooked.  The  heaviest  end  of  the  forging  should 
always  be  at  the  front  of  the  die-block,  as  illustrated  in  Fig.  2.  This 
makes  the  forging  easier  to  handle  while  being  forged  and  still  on  the 
bar,  and  it  also  permits  the  use  of  a  liberal-sized  sprue.  In  selecting 
a  die-block  and  laying  out  the  impression,  there  should  be  at  least  1% 
inch  left  all  around  the  impression  from  the  outside  edge  of  the  block 
or  from  any  part  of  the  die,  such  as  the  edger,  anvil  or  forming  im- 
pression. If  the  forging  has  a  hub  or  other  projection  that  extends 
some  distance  from  the  body  of  the  forging  on  one  side,  as  in  the  illus- 
tration at  the  center  of  Fig.  3,  the  upper  or  top  die  should  contain  this 
deeper  impression.  This  is  an  important  point,  for  every  die-sinker 
and  drop-forger  knows  that  it  is  easier  to  "shoot"  the  metal  up  than 
down;  just  why  it  is  so,  however,  is  difficult  to  understand. 

Sinkiner  the  ImpresBion-The  Mcu^hine  Work 
The  work  of  sinking  the  impressions  in  the  dies  may  be  roughly 
divided  into  two  parts:  the  machine  work,  and  the  hand  work.     In  the 
machine  work,  the  lathe  and  the  vertical  milling  or  die-sinking  machine 


Digitized  by  VjOOQ  IC 


12  No.    107—DROP'FORGIXG   DIES 

are  the  two  principal  machine  tools  used.  Generally  speaking,  if  there 
are  parts  of  the  impression  that  can  be  cut  out  on  the  lathe,  it  is  good 
policy  to  do  this  work  first,  although  there  are  exceptions  to  this  rule 
which  will  be  mentioned  later.  The  advantage  of  doing  the  lathe  work 
first  lies  in  the  fact  that  a  large  amount  of  the  stock  is  removed 
quickly  and  uniformly,  90  that  the  die-sinker  has  a  better  chance  to 
start  tne  milling  cutters. 

The  best  method  of  holding  the  dies  for  the  lathe  work  is  by  means 
of  a  special  bolster,  bolted  to  the  faceplate.    The  bolster  is  planed  to 


Fig.  7.    The  Pratt  A  Whitney  No.  fl  Dle-sinklnff  Machine 

take  the  shank  of  the  die-block,  which  is  held  in  place  by  a  key.  This 
method  has  certain  advantages  over  the  practice  of  holding  the  die- 
block  with  set-screws,  in  that  the  block  may  be  more  easily  made  to 
run  true,  and  there  is  less  danger  of  the  die-block  working  loose. 
Much  time  may  be  saved  in  the  turning  if  the  lathe  is  equipped  with  a 
compound  rest,  for  the  draft  may  then  be  bored  out  by  swinging  the 
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rest  over  the  required  number  of  degrees.  If  the  lathe  work  is  other 
than  very  plain,  it  is  necessary  to  make  use  of  templets.  In  turning 
out  the  impression  for  a  bevel  gear  blank,  for  instance,  the  templet  for 
the  turning  would  appear  as  shown  at  A  in  Fig.  6.  A  study  of  this 
templet  will  give  a  good  idea  of  the  allowances  for  draft,  shrinkage  and 
finish.  The  lines  of  the  finished  gear  show  a  straight  hub,  that  is, 
there  is  no  bevel  on  its  sides.  In  cutting  the  impression,  however, 
these  lines  must  be  given  a  draft  of  7  degrees  to  prevent  the  forging 
from  sticking  in  the  dies.  The  top  and  bottom  of  this  hub,  as  well  as 
the  face  where  the  teeth  are  to  be  cut,  will  of  course  be  machined; 
therefore  1/32  inch  is  added  to  the  templet  at  these  places.  The 
shrinkage  allowance  is  taken  care  of  by  laying  out  the  dimensions  of 
the  templet  with  the  %  inch  to  the  foot  shrink-rule,  as  the  forging  will 
be  trimmed  hot 

The  Die-sinkiner  Machine 

The  die-sinking  machine  is  by  far  the  most  important  asset  of  the 
die-sinker's  equipment.  At  the  present  time,  most  die-sinking  shops 
are  equipped  with  machines  of  the  Pratt  &  Whitney  make — the  No. 
2  machine  for  the  small  and  medium  work  and  the  No.  3  for  the  heavy 


^Ri^^^H 

•^  niilr^ 

^^^ 

M 

m     ^^BP 

« 
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work.  These  two  machines  will  take  care  of  any  dies  to  be  made,  and 
in  small  shops  where  but  one  die-sinking  machine  is  installed,  the  No. 
2  size  will  be  found  sufficient.  If  the  work  is  not  very  large/  The  illus- 
tration. Fig.  7,  shows  the  latest  model  of  the  No.  2  machine.  The  dies 
are  held  in  the  vise  of  the  machine,  the  shank  of  the  die-block  furnish- 
ing a  good  gripping  surface.  The  cutters  are  held  in  a  spring  chuck, 
that,  by  substituting  different  collets,  will  accommodate  cutters  made  of 
stock  from  ^  inch  to  1  inch  diameter.  This  chuck,  shown  in  Pig.  8, 
and  its  parts  in  Fig.  9,  is  made  in  three  pieces — the  shank  A,  which  is 
recessed  to  take  the  split  collet  B,  and  the  sleeve  C,  which  has  an  in- 
ternal taper  bearing  surface.  As  the  sleeve  is  screwed  onto  the  shank, 
the' split  collet  is  compressed,  drawing  together  upon  the  cutter  with- 
out throwing  it  out  of  center.  The  sleeve  is  tightened  by  the  aid  of  a 
spanner  wrench,  and  no  trouble  is  experienced  from  the  cutter  slip- 
ping in  this  style  of  chuck. 

Cutters  for  Die-sinkiner 
The  subject  of  cutters  for  die-sinking  is  a  very  important  one,  for 
neither  good  nor  fast  work  can  be  done  with  poor  cutters.     The  very 
best  of  roughing  cutters  can  be  made  from  "stub  ends"  of  Novo  drills. 
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and  nearly  every  die-sinker  takes  advantage  of  this  fact  These  short 
drills  are  ground  ball-pointed  on  tne  cutting  end,  given  clearance,  and 
the  center  ground  out  as  shown  at  D  and  E  in  the  Illustration,  Fig.  9. 
This  kind  of  cutter  is  so  easily  and  quickly  made,  and  stands  up  so 
well  in  "hogging  out"  the  stock,  that  It  does  not  pay  to  use  any  other 
kind. 

For  finishing,  the  cutters  are  made  with  three  or  more  flutes,  so  as 
to  get  smooth  surfaces.  Finishing  cutters  must  be  provided  in  a  large 
variety  of  shapes  to  take  care  of  the  various  forms  in  the  dies  being 
cut.  At  F,  G,  H  and  /  In  Fig.  9  are  shown  good  examples  of  finishing 
cutters,  most  of  which  are  made  for  finishing  dies  with  a  draft  of  7 
degrees;  at  J  and  A'  are  shown  special  cutters,  the  former  for  cutting 
very  narrow  grooves,  and  the  latter  for  shallow  dies  witll  a  drift  of 
2  degrees. 


Flff.  9,    Ohuck  Parts  and  Cutters  for  the  Die-sinkinff  Machine 

The  die-sinker  is  guided  in  the  milling  by  the  lines  laid  out  on  the 
face  of  the  die-block  and  by  the  index  on  the  pilot  wheel  of  the  die- 
sinking  machine,  the  scribed  lines  giving  the  outline,  and  the  index 
of  the  pilot  wheel  taking  care  of  the  depth  of  the  various  parts  of  the 
impression.  Except  when  using  special  cutters  like  hub  and  forming 
cutters,  no  oil  is  used  on  the  tools.  The  speeds  at  which  the  cutters 
should  work  vary  with  the  size  and  style  used.  If  the  cutter  is  a 
small  one.  like  that  shown  at  J,  Fig.  9,  the  speed  may  be  much  higher 
than  would  be  used  with  a  stout  cutter  like  that  shown  at  G.  Of 
course,  special  forming  cutters  that  are  sometimes  as  large  as  3  inches 
in  diameter  must  run  very  much  slower,  and  the  use  of  lard  oil  is 
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forgings.  To  produce  the  projection  in  the  die  for  this  "spot,"  a 
hub  cutter  is  used.  (See  A  and  B  in  Fig.  10.)  On  account  of 
being  milled  out  at  the  center,  and  relieved,  the  cutter  will  leave  a 
cone-shaped  projection  in  the  bottom  of  the  impression  that  will  pro- 
duce a  deep  countersink  in  the  boss  of  the  forging. 

It  is  very  essential  that  a  large  cutter  should  be  correctly  located  in 
relation  to  the  outline  of  the  impression  before  being  fed  into  the 
die.  In  order  to  check  its  location,  it  is  well  to  scribe,  from  the  same 
center,  a  circle  one  or  two  inches  larger  than  the  one  that  is  used  for 
obtaining  the  outline.  On  this  outer  circle,  four  points,  equidistantly 
spaced,  should  be  prick-punched.  After  lightly  entering  the  cutter,  the 
outline  should  be  tested  with  dividers  from  these  four  points. 

The  Circular  Attachment 
The  circular  attachment  on  the  die-sinking  machine  Is  a  valuable 
feature  in  milling  the  impressions.    By  its  use  much  circular  work  may 
be  done  that  would  be  awkward  to  bore  out  in  the  lathe,  and  short  arcs 


Fiff.  11.    Uolnff  the  Oiroal«r  Attaohmant 

may  be  cut  far  quicker  than  in  any  other  way.  When  this  is  used, 
a  straight  pointed  rod  is  held  in  the  chuck  in  place  of  a  cutter.  The 
machine  table  is  adjusted  with  the  two  feed  handles  until  the  indi- 
cating marks,  placed  on  the  sides  for  this  purpose,  are  in  line.  The 
table  is  lowered  and  the  die-block  located  in  the  vise  so  that  the  center 
point  of  the  arc  to  be  milled  is  directly  under  the  indicator  in  the 
chuck.  Thus  located,  the  table  may  be  moved  off  center  far  enough  to 
bring  the  cutter  to  the  part  of  the  impression  that  is  to  be  milled,  and 
the  line  followed  by  using  the  feed  provided.  In  Fig.  11  the  die-sinker 
is  cutting  the  impressions  for  forming  the  eye  of  a  chain  hook,  using 
the  circular  attachment  in  doing  so.  The  old-style  method  of  cutting 
these  curves,  used  when  the  die-sinking  machines  were  not  equipped 
with  circular  attachments,  was  to  loosen  the  check-nuts  of  the  swivel 
vise,  and  after  moving  the  die  to  the  proper  distance  from  the  center. 
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clamp  a  long  steel  bar  to  the  vise,  and  rotate  the  vise  by  hand.  This 
method  is  here  mentioned  for  the  benefit  of  those  whose  die-sinking 
equipment  is  not  of  modern  design. 

Throughout  all  the  machine  work  on  the  impressions,  it  must  be 
remember  that  as  little  stock  should  be  left  to  be  taken  out  by  hand 
as  is  possible,  for  not  only  is  hand  work  slower,  but  its  quality  can 
never  equal  machine  work  that  is  properly  done.  To  this  end,  the  fin- 
ishing cutters  should  be  run  over  the  last  cut  two  or  three  times,  so 
as  to  get  the  smoothest  possible  surfaces.     The  heavy  milling  should 


Fiff.  Ifl.    Rouffbiair  out  tlie  Impression 

be  done  with  the  roughing  cutter,  held  in  the  chuck  close  to  the  cutting 
point,  after  the  manner  illustrated  in  Fig.  12.  If,  after  the  finish  mill- 
ing, the  surfaces  are  smooth  and  the  line  is  "split,"  there  will  be  little 
left  to  be  done  by  hand  save  the  corners  and  possibly  a  few  irregular 
shapes  that  cannot  be  milled.  In  the  final  milling  cut  for  finishing  to 
correct  depth,  exact  dimensions  may  be  obtained  by  setting  the  cutter 
so  that  it  just  touches  the  surface  of  the  die,  and  then  moving  the 
index  on  the  pilot  wheel  to  zero  and  raising  the  table  to  the  required 
dimension,  as  indicated  by  the  reading  of  the  index. 
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HAND  OPERATIONS 

The  really  difficult  work  of  die  sinking  is  the  hand  work  that  is 
necessary  to  finish  the  impression;  at  least  this  part  of  the  work  re- 
quires more  patience  and  manual  skill  than  the  machine  operations 
connected  with  die  sinking.  Some  impressions  are  full  of  comers  and 
irregular  places  that  must  be  chipped  out  and  smoQthed  by  hand»  nearly 
every  job  having  a  number  of  such  places.  These  places  must  be 
chipped,  scraped,  riffled  and  polished,  and  to  facilitate  this  finishing, 
the  die  is  held  in  the  ball  vise  shown  in  Fig.  13.  This  useful  devicu, 
almost  too  well  known  to  be  described,  rests  on  a  pad  of  leather,  which 
in  shop  practice  is  made  by  coiling  up  a  short  length  of  two-inch  belt- 
ing, and  riveting  it  at  intervals.     By  the  use  of  the  ball  vise,  the  die 


Flff.  18.    Ball  Vise  usod  In  Boldlnff  Dies  (or  Hcmd  Work 

may  be  held  at  any  desired  angle  or  position,  and  will  remain  where 
put  with  sufficient  stability  to  resist  any  ordinary  chipping  or  filing. 

Chisels  and  Chipping 
Die-sinker's  chisels  are  made  preferably  of  Jessop's  steel,  but  any 
good  tool  steel  will  do  in  the  absence  of  Jessop's.  The  stock  should 
be  hexagon  or  octagon,  and  forged  out  to  the  shapes  best  suited  to  the 
work.  Two  or  three  dozen  shapes  and  sizes  of  chisels  are  necessary 
for  the  different  shaped  places  that  must  be  chipped  out  in  the  general 
run  of  work.  The  most  useful  shapes  are  the  round  and  flat  varieties, 
some  of  which  are  shown  in  Fig.  14.  The  round  variety  embraces  a 
great  many  different  curves.  The  flat  varieties  should  run  from  1/32  to 
1/2  inch  in  width.    After  hardening,  the  chisels  should  be  drawn  to  a 
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light  blue,  this  temper  being  the  same  as  that  given  the  ordinary  cape 
chisel,  and  which  will  be  found  a  good  ordinary  temper.  The  die- 
sinker's  chipping  hammer,  illustrated  in  Fig.  15,  is  flat-faced  and 
double-ended,  so  that  either  end  can  be  used.  To  aid  the  die-sinker 
in  chipping  out  parts  of  the  impression  that  are  to  be   the  same 


Tiff.    14.    Chisels  and  Sorspers  used  in  Die  Blnklnff 

depth,  depth  gages  like  those  shown  in  Fig.  16  are  used,  and  occasion- 
ally the  micrometer  depth  gage  will  be  found  indispensable;  but  there 
are  few  jobs  that  require  such  accuracy.  In  Fig.  16  are  also  shown  the 
two  shrink  rules  that  are  used  in  laying  out  the  die  impressions. 

In  chipping  out  the  stock  from  the  corners  and  other  places  that 
cannot  be  milled,  there  are  a  few  general  rules  that  should  be  fol- 


Fig.  16.    Die-sinkers'  Ohippinff  Hammer 

lowed.  It  is  always  advisable  to  chip  down  or  away  from  the  outline 
of  the  impression,  for  by  so  doing  there  will  be  no  danger  of  breaking 
out  "chunks"  at  the  ends  of  the  cuts.  In  using  flat  chisels  care  should 
be  taken  to  leave  as  little  work  for  the  corners  to  do  as  possible,  for 
the  comers  are  the  weakest  parts  of  flat  chisels.  Oil  should  be  used 
sparingly  on  the  cutting  edges  of  all  chisels.  For  convenience  in  pick- 
ing out  the  different  chisels,  it  is  a  good  plan  to  keep  them,  points  up, 
in  round  cans  or  boxes.  In  all  chipping,  the  die-sinker  should  "make 
haste  slowly,"  taking  light  cuts  and  many  of  them,  frequently  trying 
the  templets  and  depth  gages  so  as  to  be  sure  he  is  not  taking  out  too 
much  stock. 
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Fig.  18  shows  the  die-sinker  chipping  out  what  ai^ears  to  be  a  sim- 
ple part  of  an  impression,  but  in  reality  it  is  an  awkward  place,  being 
the  oval  end  of  the  impression  for  a  chain  shackle.  The  second  im- 
pression is  the  forming  impression;   both  of  theni  have  been  milled 


Fiff.  10.    Starlnk  Rules  and  Qages  oaed  in  Ijaylnff  out  and  Blnking' 
the  Impressions 

out  as  much  as  possible  and  are  now  being  cleaned  up  by  chipping, 
after  which  scraping  and  riflaing  will  follow  before  the  rest  of  the  im- 


Fig.  17.    Borspinff  Out  the  Impression 

pressions  are  milled.     In  most  cases,  however,  it  is  best  to  complete 
the  milling  while  the  die  is  on  the  die-sinking  machine. 
Scrapinfir,  Rifflinfir  and  Polishing 
The  idea  of  the  chipping  is  to  remove  as  much  stock  as  possible  from 
parts  of  the  impression  that  cannot  be  milled  or  otherwise  machined.  Of 
course,  it  is  impossible  to  finish  the  die  by  chipping  alone;   therefore. 
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after  the  bulk  of  the  steel  is  taken  out  by  milling  and  chipping,  the 
impression  must  be  smoothed  by  scraping  and  riffling. 

Scrapers  are  of  several  different  types.  Nearly  every  mechanic  is 
familiar  with  the  three-cornered  and  half-round  scrapers,  and  both  of 
these  tools  are  used  at  times  in  scraping  out  a  die;  but  by  far  the  most 
useful  kinds  of  scrapers  are  those  made  of  square  and  half-round 
straight  sections.     These  scrapers  are  short,  made  to  cut  on  the  end 

only,  and  "pare"  out  the 
stock  very  quickly.  As 
shown  in  Fig.  14.  these  tools 
are  fitted  into  short,  round 
handles  that  fit  the  hand 
snugly. 

After  grinding  and  ston- 
ing the  edge  of  the  scraper, 
the  corners  are  slightly 
stoned  off  so  that  there  will 
be  no  tendency  to  "dig  in." 
By  the  use  of  the  scrapers, 
the  high  points  left  by  the 
chipping  operation  are  re- 
duced, and  the  surface  of 
the  impression  smoothed. 
Fig.  17  shows  the  method  of 
holding  the  scraper;  in  this 
instance  the  die-sinker  is 
scraping  out  the  oval  end  of 
the  shackle  impression,  the 
milling  and  chipping  having 
been  finished.  Scraping  is 
not  intended  to  remove 
much  of  the  stock,  but  is 
more  of  a  finishing  opera- 
tion. By  scraping  alternately  in  different  directions,  the  impression  is 
kept  free  from  grooves  and  ridges.  Should  there  be  any  chatter  marks 
left  by  the  milling  operation,  they  may  be  taken  out  by  scraping. 

As  soon  as  the  die  impression  has  been  finished  as  regards  dimen- 
sions with  the  scrapers,  the  surface  may  be  carefully  smoothed  by  rif- 
fling. The  rifflers,  or  small  bent  files,  may  be  obtained  in  a  large 
variety  of  shapes,  sizes  and  cuts.  As  the  illustration.  Fig.  19,  shows,  the 
riffler  is  held  lightly  in  the  hand  and  is  worked  back  and  forth  over 
the  surface  to  be  smoothed.  In  other  words,  it  is  filing  on  a  small 
scale.  A  collection  of  the  most  useful  of  the  different  rifflers  is  shown 
in  Fig.  21.  The  most  common  form  is  the  "spoon"  riffler,  which  comes 
in  many  different  grades  of  curves,  its  name  describing  its  shape  per- 
fectly. By  turning  the  riffler  while  using,  many  different  kinds  of 
curves  may  be  obtained,  so  that  there  are  few  spots  in  a  die  that  can- 
not be  reached  with  a  spoon  riffler. 
Next  in  point  of  usefulness  comes  the  flat  riffler,  which  is  made  in 


Fiff.  18.    Ohlppinff  Out  the  Die 
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difFerent  shapes  and  widths  to  take  care  of  the  flat  surfaces  and  panels 
in  the  impressions.  Other  styles  are  the  hook  riffler,  the  knife  riffler 
and  the  round  taper  riffler.  As  with  scraping,  the  rifflers  must  be 
worked  over  the  surface  with  ever-changing  directions  to  prevent  the 
formation  of  grooves  and  ridges. 

As  a  final  finish  to  the  impression,  emery  cloth,  wrapped  around  a 
file  or  a  piece  of  wood,  should  be  applied  to  every  part  of  the  impres- 
sion, until  the  surface  is  perfectly  smooth  and  free  from  imperfections, 
using  first  the  coarse  and  then  the  fine  emery  cloth.  Often  the  shape 
of  the  impression  is  such  that  it  can  best  be  polished  with  emery  and 
oil  used  on  the  end  of  a  stick  of  wood.  The  emery  will  imbed  itself 
in  the  wood  as  it  does  in  a  lap.  The  reason  for  this  finish  is  first  to 
get  a  good  surface  on  the  forging  and  second,  to  assist  the  forging 
to  come  easily  from  the  die  while  being  worked. 

Types  and  Typing 

Frequently  it  happens  that  in  a  drop-forging  die  there  are  irregular 
bosses  or  ends  that  cannot  be  finished  on  the  die-sinking  machine,  and 
that  are  particularly  difficult  to  chip  out,  scrape  and  riffle  to  a  finish. 


Fiff.  19.    VBlng  the  Riffler— emoothinar  the  Impreeeion 

Usually  these  places  are  deep  and  narrow,  and  generally  it  happens 
that  there  are  two  of  these  awkward  places  to  cut  out,  one  in  each 
of  the  two  dies.  It  is  customary  to  take  care  of  such  places  in  dies 
by  means  of  typing. 

A  "type"  is  a  punch  or  small  block  of  steel  whose  end  is  shaped 
exactly  like  that  part  of  the  forging  that  is  difficult  to  cut  in  the  die. 
Types  are  hardened  and  drawn  to  a  purple  temper.  The  part  of  the 
die  that  is  to  be  typed  is  milled  and  chipped  out  to  as  near  the  outline 
and  depth  as  is  considered  safe.  The  face  of  the  type  is  then  rubbed 
lightly  with  Prussian  blue,  placed  in  the  impression,  and  with  a  piece 
of  copper  or  brass  on  its  top,  the  type  is  struck  hard  into  the  impres- 
sion with  a  hammer.  This  operation  leaves  the  high  places  with  a 
blue  facing. 
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These  high  places  are  next  chipped  away,  care  being  taken  not  to  go 
too  deep,  and  the  process  is  repeated.  If  properly  done,  the  typed  part 
of  the  impression  will  gradually  assume  the  shape  of  the  type  and  at 
last,  by  striking  in  the  type  a  number  of  times,  the  impressions  will 
take  on  the  smooth  finish  of  the  type  and  be  ready  for  riffling.  If  the 
part  of  the  impression  to  be  typed  is  cylindrical,  the  type  may  be 


Flff.  ao.    A  OoUeotlon  of  Turned  and  Mmod  Typlnff  Tools 

turned  up  in  the  lathe;  but  if  not,  it  must  be  milled  and  filed  to 
shape.  Fig.  20  shows  a  few  types  for  different  die  sections,  some  of 
which  have  been  turned  in  the  lathe. 

In  making  types  for  shaping  the  impressions  in  dies  for  forgings 
whose  ends  or  hubs  are  shaped  like  the  forging  shown  in  Fig.  22,  there 
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Fi«.  21.    Dle-alnkera'  Awortment  of  Blfflers 

is  a  very  convenient  rule  to  bear  in  mind.  The  rule  is  this:  Shape 
the  sides  of  the  type  with  a  curve,  the  radius  of  which  is  equal  to  twice 
the  diameter  of  the  hub.  This  rule  insures  the  proper  amount  of  draft 
on  the  impressions,  and  as  this  form  is  very  commonly  used  on  bosses 
at  ends  of  rocker  arms,  levers,  etc.,  the  application  of  the  rule  is  very 
frequent 

While  speaking  of  the  machine  work  on  the  die  impression,  it  was 
stated  that  there  were  exceptions  to  the  rule  of  doing  all  machine  work 
on  the  impressions  first.     In  typing,  we  find  one  of  these  exceptions. 
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Let  us  assume  that  we  have  a  die  to  sink  for  the  forging  shown  in  Fig. 
23.  The  impression  would  consist  essentially  of  a  ring  with  four  pro- 
jecting bosses  that  must  be  typed.  If  the  ring  were  turned  first, 
trouble  would  be  experienced  in  typing  the  four  bosses,  as  the  type 
would  have  a  tendency  to  slide  into  the  ring  at  every  blow.  With  such 
a  proposition,  it  is  far  better  to  mill  out  and  type  the  bosses  before 
doing  the  lathe  work,  in  order  to  save  time  and  trouble  in  the  typing. 

Iietterlnff 
When  the  forging  must  show  lettering,  the  dies  are  usually  stamped 
at  the  bottom  of  the  impression  with  the  desired  letters.  This  produces 
raised  lettering  on  the  forgings.  The  stamps  used  are  not  the  usual 
sharp-line  stamps  in  common  use  in  the  machine  shop,  but  are  made 
deep  and  with  a  fiat  face,  so  as  to  give  body  to  the  letters  on  the  forg- 


Fiff.    89.    A  VoTging  to  which  the  Bale  for  Making  the  Type  Applies 

ing.  In  putting  in  the  lettering,  care  must  be  used  in  the  spacing,  for 
if  too  closely  spaced,  there  is  danger  of  the  stock  between  the  letters 
breaking  out.  To  space  a  word  properly,  the  central  letter  of  the  word 
should  be  stamped  lightly  in  the  center  of  the  space  to  be  lettered, 
and  from  this  central  letter  the  rest  of  the  word  is  added  on  either  side. 
If  the  letters  are  extra  large  in  size,  it  is  advisable  to  mill  or  chip 
out  the  letters  after  they  have  been  lightly  stamped  in  the  die,  after 
which  they  may  be  put  in  to  the  full  depth  without  a  large  displace- 
ment of  the  steel. 

The  Gate  and  Sprue 

In  ninety-nine  cases  out  of  one  hundred,  a  drop  forging  is  made  com- 
plete while  still  a  part  of  the  bar  from  which  it  is  started  and  after- 
wards severed.  To  hold  the  forging  while  being  worked,  a  sprue  must 
be  provided.  The  sprue  is  the  connecting-link  between  the  bar  of 
rough  steel  and  the  forging.  To  form  the  sprue  a  channel  is  cut  from 
the  front  end  of  the  impression  to  the  edge  of  the  die-block.     The 


Digitized  by  VjOOQ  IC 


IMND  OPERATIONS 


25 


size  of  the  sprue  should  be  governed  by  the  weight  of  the  forging,  and 
in  all  cases  it  should  be  no  heavier  than  is  necessary  to  support  the 
forging  while  being  worked  and  trimmed. 

The  gate  is  an  opening  in  the  front  of  the  die  to  receive  the  bar  stock, 
and  is  made  large  enough  to  admit  the  bar  without  forging  or  crushing 
It  at  all.  Fig.  24  shows  the  operation  of  cutting  the  gate,  and  also 
illustrates  the  way  in  which  the  matching  sides  are  planed.  The  second 
gate  in  the  die  is,  of  course,  for  the  forming  impression.  The  %-inch 
hole  shown  in  the  front  of  the  die-block  is  for  the  purpose  of  lifting 
the  die;  by  placing  therein  a  short  bar  of  %-inch  rod,  and  another  bar 


Flflr.  S8*    A  Forfflnff  tor  which  the  Die  Impre—lon  ■hoold  b«  mmed 
*Dd  typed  before  Tomlnff 

in  the  hole  on  the  opposite  side,  the  block  may  be  handled  easily 
either  by  hand  or  with  a  chain  fall. 

Takingr  Ijeads  or  ImpresBions 

For  the  purpose  of  seeing  Just  how  the  forging  will  look  when  it 
comes  from  the  dies,  as  well  as  to  check  up  the  shrinkage  allowances 
and  see  if  there  are  defective  places  in  the  impression,  it  is  customary 
to  take  a  lead  proof  from  the  finishing  Impressions  of  the  upper  and 
lower  dies  after  they  have  been  completed.  Frequently  the  machinist 
would  like  to  be  able  to  use  a  "putting-on**  tool  in  his  work,  especially 
after  he  has  read  his  micrometers;  with  the  die-sinker  it  is  very  easy 
to  put  on  stock  if  the  forging  needs  it,  by  simply  making  the  dies  a 
little  larger  at  the  desired  point.  A  lead  will  show  up  any  places  on 
the  forging  that  may  need  more  stock;  also,  by  weighing  the  lead,  a 
good  idea  of  the  weight  of  the  finished  forging  may  be  obtained. 

Roughly  speaking,  the  finished  forging  will  weigh  two-thirds  as 
much  as  the  lead  proof.  The  shrinkage  of  lead  is  practically  the  same 
as  that  of  steel,  so  that  the  finished  forging  will  measure  very  nearly 
the  same  as  the  lead.    In  the  case  of  dies  for  eye-bolts,  etc.,  this  rule 


Digitized  by  VjOOQ  IC 


26 


No,   107— DROP-FORGING  DIES 


^^^Q^s 

i 

i:< 

g\^3P 

V 

Digitized  by  LjOOQIC 


HAND  OPHRATIOXS 


27 


lower  dies  are  cleaned  out,  dusted  with  powdered  chalk,  and 
the  dies  stood  on  end,  after  which  the  dies  are  clamped  together 
with  a  large  C-clamp,  care  being  taken  to  have  the  matching 
sides  perfectly  in  line  with  each  other.  The  lead  is  now  heated, 
care  being  taken  not  to  burn  it,  and  is  poured  slowly  and  evenly 
into  the  dies  until  it  fills  the  Impression  and  gate.  As  soon  as  the 
lead  has  cooled,  the  dies  are  undamped,  and  the  lead  removed  and 
examined.  After  making  any  changes  that  the  lead  shows  to  be  neces- 
sary, another  lead  should  be  taken  to  make  sure  that  the  impressions 
are  correct.    Fig.  28  illustrates  the  method  of  pouring  a  lead. 

The  Flash 

In  theory,  the  amount  of  the  forging  metal  in  the  die  impression 
when  struck  should  just  fill  the  impression — no  more  and  no  less. 
This  is,  of  course,  .impossible  in  practice,  although  the  dies  are  made 
to  come  as  near  to  this  ideal  as  possible.    As  a  matter  of  fact,  there 


Fig.  S7.    A  Group  of  Lead  Proofs 

is  always  some  stock  that  must  be  disposed  of,  after  the  impression 
is  full;  ibut  If  the  dies  are  well  planned  and  the  forging  is  well  done, 
there  will  be  but  a  small  amount  of  extra  metal,  provided  that  the  right 
size  of  stock  is  used.  This  excess  stock  that  is  squeezed  out  is  called 
the  "fln." 

To  take  care  of  this  metal  that  is  crowded  out  of  the  impression, 
each  die  is  relieved  around  the  impression  by  milling  a  flat,  shallow 
recess,  about  1/64  inch  deep  and  %  inch  in  width  all  around  the  im- 
pression. These  dimensions  are  for  dies  of  average  size;  in  larger 
dies,  the  recess  or  "flash"  as  it  is  called,  would  be  a  little  deeper  and 
wider.  Both  upper  and  lower  dies  are  flashed  in  this  manner.  In 
addition,  the  upper  die  is  back-flashed;  that  is  to  say,  there  is  a 
deeper  recess,  sometimes  called  the  "gutter,'*  milled  around  the  im- 
pression at  a  distance  of  ^  inch  from  the  impression  at  every  point. 
This  back-flash  is  3/64  inch  deep,  and  acts  as  a  relief  for  the  excess 
metal  after  it  has  squeezed  through  the  flash  proper.    Only  the  finishing 
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impression  is  provided  with  flash  and  back-flash.  The  fin  is  trimmed 
from  the  forging  .by  means  of  trimming  dies,  when  the  forging  is  either 
hot  or  cold,  depending  on  the  size  and  shape.  Fig.  25  shows  the  opera- 
tion of  milling  the  flash. 

The  relative  positions  of  the  flash  and  back-flash  in  regard  to  the 
impression  itself  are  clearly  shown  on  the  wrench  forging  in  Fig.  29, 


FUr.  28.   Pouring  a  Lead  Proof 

and  the  sectional  view  of  a  pair  of  dies  in  Fig.  30.  In  Fig.  29,  the  fin 
has  entirely  filled  the  back-flash,  as  the  two  ridges  at  the  sides  of  the 
wrench  show.  This  indicates  that  the  stock  was  a  little  too  full,  not 
being  drawn  small  enough  at  this  part  of  the  forging.  Fig.  30  illus- 
trates the  appearance  of  the  flash  in  section,  with  the  back-flash  in  the 
upper  die.     As  before  stated,  the  forming  impression  is  not  flashed. 


Fiff.  29.    A  Forfflnff  sbowlng  the  Effect  of  Flash  and  Back-flash 

This  set  of  dies  was  for  forging  a  plain  ring,  and  although  a  simple 
set  of  drop-forging  dies,  they  illustrate  a  few  points  of  interest. 

The  finishing  impression  is  placed  as  near  the  center  of  the  blocks 
as  is  practical,  to  secure  the  best  effect  of  the  blow,  as  well  as  for 
strength.  The  plugs  that  form  the  center  of  the  ring  are  given  a  10- 
degree  bevel  inside,  while  the  rest  of  the  impression  has  but  7  degrees. 
These  plugs  come  within  Vs  inch  of  meeting,  and  the  forming  impres- 
sion has  plugs  that  are  well  rounded  over,  to  give  them  strength  for 
the  hard  service  that  they  receive,  as  well  as  to  spread  the  stock. 
These  plugs  barely  meet.     The  edges  of  this  forming  impression  are 


Digitized  by  VjOOQ  IC 


HAND  OPERATIONS 


29 


also  rounded  to  grire  strength,  and  to  prevent  the  formation  of  cold- 
shuts.  In  the  finishing  impression  these  comers  are  made  nearly 
sharp,  so  as  to  finish  the  forging.     The  opening  on  the  right  is  the 

breakdown  or  edger. 

The  Breakdown 

One  of  the  most  baffling  points  of  drop-forge  die  sinking,  to  the  novice, 
is  the  planning  and  making  of  the  breakdown,  edger  or  side-cut.  These 
three  terms  are  identical  in  meaning  and  all  three  are  in  common  use 
in  various  shops.  In  laying  out  the  breakdown,  there  are  many  points 
to  be  considered  that  are  obtained  only  through  experience,  and  appre- 
ciation comes  only  after  learning,  but  we  can  at  least  give  our  atten- 


Flff .  so.    Beotlonal  View  of  ft  Pair  of  Drop-foivinff  Dl«s.  showlns'  the  Flash 

tion  to  a  few  general  principles  that  should  be  observed  in  this  part 
of  drop-forge  die  sinking. 

After  the  face  impressions  are  finished,  and  the  fiash,  gate  and 
sprue  completed,  the  dies  are  clamped  together  just  as  they  were  for 
taking  the  lead.  Next,  the  rough  surfaces  of  the  right-hand  sides  of 
the  blocks  are  chalked.  The  reason  for  using  the  right-hand  side  of 
the  dies  for  the  breakdown,  Is  to  make  the  forging  operation  easier 
for  the  forger,  as  it  is  much  easier  to  swing  the  bar  on  this  side.  A 
half-lead,  or  a  templet  of  the  forging,  is  then  laid  on  the  dies  and  the 
outline  scribed.  The  location  of  this  templet  is  important.  If  the 
piece  is  symmetrical,  one-half  of  the  outline  should  be  on  each  die.  If 
not,  a  parting  line  must  be  decided  upon  and  the  templet  placed  with 
this  line  even  with  the  parting  line  of  the  two  dies.  A  second  line  is 
next  scribed  1/16  inch  inside  of  this  outline  in  all  places  except  the  fol- 
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lowing:  First,  in  all  vertical  places  of  the  breakdown,  the  outline  is 
given  a  draft  of  7  degrees,  part  of  which  is  marked  outside  the  outline, 
and  from  that  point  running  to  the  same  distance  within  the  outline 
at  the  bottom  of  the  breakdown  outline.  Second,  all  right  angles  or 
abrupt  bends  should  be  well  rounded  off,  so  as  to  prevent  the  formation 
of  cold^huts.  Fig.  31  illustrates  a  few  templets  and  the  breakdowns 
for  the  forgings,  showing  the  points  of  difference  between  the  templet 
outline  and  the  breakdown  outline. 

The  width  of  the  section  used  as  the  breakdown  should  be  suffi- 
ciently wider  than  the  forgli)g  to  give  plenty  of  room  for  the  work  or 
forging.  For  a  forging  1  inch  thick,  the  edger  should  be  1^  inch 
wide,  and  about  the  same  proportions  should  be  followed  for  forgings 
of  other  widths.    At  the  rear  end  of  the  breakdown,  a  cut-off  is  pro- 
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Wig,  81.    Specimen  Breakdown  lAy-outa  Oomparad  with  ttaalr  Templets 

Tided  to  trim  off  any  extra  stock  that  has  been  drawn  out  on  the  anvil. 
Beyond  this  cut-off  the  die  Is  cut  away  for  clearance.  The  breakdown 
must  be  provided  with  a  section  that  corresponds  to  the  gate  and  sprue 
of  the  die  impression,  hut  it  must  be  made  slightly  longer,  so  that  the 
forging  will  not  be  stretched  off  when  struck  in  the  impression.  This 
may  be  noticed  on  the  die  shown  in  Fig.  11  at  the  left-hand  side. 
The  breakdown  will  be  at  the  right  when  the  die  is  set  up  in  the 
hammer,  as  this  particular  die  is  a  top  die. 

The  breakdown  section  should  be  a  part  of  the  die-block,  and  not 
bolted  on  the  side  as  is  sometimes  done.  There  are  cases  where  the 
breakdown  must  be  a  separate  piece,  but  in  nine  out  of  ten  dies,  it  is 
practicable  to  have  the  breakdown  a  part  of  the  die-block.  Sometimes  it 
happens  that  the  form  of  the  edger  or  breakdown  must  extend  above 
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the  face  of  the  die-block  itself.  If  the  amount  of  projection  is  not  over 
1  inch,  the  best  way  to  accomplish  this  result  is  to  plane  away  the  rest 
of  the  face  of  the  die,  so  as  to  leave  the  edger  projecting.  If  the  dis- 
tance is  greater  than  1  inch,  a  separate  piece  may  be  dovetailed  in  and 
held  in  place  by  a  pin  driven  through  the  edger  and  into  the  die- 
block.  The  inserted  piece  should  be  a  force  fit  in  the  dovetailed  recess 
in  the  die-block.  The  breakdown  should  never  be  built  up  with  a  piece 
bolted  on  the  side  of  the  block,  for  the  bolts  will  Jar  loose  or  shear  off. 
Oenerally  speaking,  it  is  poor  practice  to  use  screws  for  dies  or  at- 
tachments for  a  drop  hammer  on  account  of  the  vibration. 

Fig.  26  shows  the  method  of  setting  up  the  die-block  in  the  die-sink- 
ing machine  for  the  purpose  of  milling  the  breakdown.  After  the 
correct  outline  for  the  edger  has  been  determined,  the  line  should  be 
scored  plainly  with  a  small  chisel.  The  die-block  is  then  held  in  the 
vise  of  the  machine  on  its  side,  and  with  a  long  straight  cutter  the 
breakdown  is  gradually  cut  in  to  the  line. 

The  cut-off  connected  with  the  breakdown  section  of  the  die  should 
not  be  confused  with  the  cut-off  for  severing  the  forgings  from  the 
bar  when  they  are  to  be  cold-trimmed.  The  cut-off  on  the  breakdown 
merely  cuts  the  stock  to  length  after  being  drawn  out  on  the  anvil. 

The  Anvil 

There  is  little  to  be  said  in  regard  to  the  anvil.  The  two  fullers 
have  slightly  crowned  faces  and  the  corners  are  well  rounded.  Beyond 
these  fullers,  the  die  is  milled  away  to  clear  the  stock  after  it  has 
been  reduced,  and  to  clear  any  large  parts  that  must  be  left.  The 
anvil  is  placed  on  the  left-hand  side  of  such  dies  as  require  it,  and  as 
has  before  been  stated,  its  purpose  is  to  reduce  the  stock  for  the  thin 
sections  of  the  forging.  If  a  double-ended  wrench  is  to  be  forged,  like 
the  one  shown  in  Fig.  29,  an  anvil  will  be  necessary  to  thin  out  the 
stock  between  the  thick  ends  of  the  wrench,  before  striking  it  into 
the  impression  or  edger  of  the  die.  If  the  thin  part  of  the  wrench  is 
%  inch  by  2  inches,  the  fullers  would  be  left  Just  1  inch  apart;  that  is, 
each  face  would  be  %  inch  under  the  face  of  the  die  itself.  Thus  it 
will  be  seen  that  the  fullers  are  to  square  the  stock  to  the  dimensions 
that  will  "fill"  the  die  when  struck  in  the  impression.  The  forger 
draws  out  the  stock  under  the  anvil  just  as  the  blacksmith  would  under 
a  trip  hammer.  About  one-half  of  the  drop-forging  dies  made  require 
anvils  in  their  make-up. 

The  Cut-oir 

Dies  that  are  made  for  cold-trimmed  forgings  require  a  cut-off  to  cut 
the  forgings  from  the  bar  after  completion.  This  part  of  the  die  is 
usually  placed  across  one  of  the  two  rear  corners — wherever  there  is 
the  most  room.  The  cut-off  is  made  by  milling  away  the  stock,  so  as 
to  leave  on  each  die  corresponding  chisel-like  projections.  These 
edges  are  not  brought  up  sharp,  but  are  left  with  a  face  of  %  inch  so 
as  to  hold  up  well  in  use.  Only  forgings  that  are  to  be  cold-trimmed 
require  this  method  of  cutting  off,  but  as  most  small  forgings  are  cold- 
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trimmed,  the  cut-off  is  very  commonly  found  on  drop-forging  dies. 

Some  die-sinkers  prefer  to  cut  a  vertical  channel  into  the  sides  of 
the  dies,  and  set  in  steel  sections  that  reach  to  the  die-shoe,  flush  with 
the  bottom  of  the  die-block.  In  such  cases  these  blades  project  from 
the  sides  of  the  dies  for  three  or  four  inches.  This  method  has  the 
advantage  of  permitting  new  chisels  to  be  inserted,  in  case  of  break- 
age— an  advantage  that  obviates  annealing,  re-milling  and  then  hard- 
ening the  dies  in  case  the  cut-off  gives  out. 

Hardeningr  Drop-forfire  Dies 
The  hardening  of  drop-forge  dies  is  an  important  part  of  the  die 
making,  and  in  small  shops,  it  often  falls  to  the  lot  of  the  die-sinker 
himself  to  attend  to  the  hardening,  or  at  least  to  oversee  it  Dies  that 
contain  less  than  60-point  carbon  must  be  packed  in  boxes  with  granu- 
lated raw  bone,  sealed  air-tight  and  carbonized  before  hardening. 
Those  open-hearth  steel  dies  containing  60-point  carbon  or  over,  or 
those  of  tool  steel,  will  harden  without  such  preliminary  treatment. 

The  Hardeninir  Equipment 

A  good  furnace  for  the  hardening  of  drop-forge  dies  is  the  No.  2 
Brown  &  §harpe  hardening  and  annealing  furnace.  Other  makes  may 
be  just  as  efficient,  but  so  many  shops  use  this  particular  furnace  for 
the  work,  that  there  is  no  doubt  in  this  case. 

The  hardening  tank  should  be  about  4  feet  square  and  3  feet  deep. 
The  water  supply  should  come  in  at  the  bottom,  and  the  supply  pipe 
should  discharge  upwards,  so  as  to  send  a  strong  current  toward  the 
top  of  the  tank.  The  overflow  should  be  a  6-inch  pipe  opening  from  a 
point  near  the  top  of  the  tank.  If  dies  must  be  hardened  in  a  tank 
without  circulation,  a  large  wooden  paddle  must  be  used  to  agitate 
the  brine  during  the  hardening.  The  best  method  of  securing  a  good 
supply  of  cold  brine,  is  to  have  a  small  reservoir  out-of-doors  that  is 
covered  over  and  yet  exposed  to  the  air.  From  this  cooling  tank,  the 
brine  may  be  pumped  to  the  hardening  room,  returning  by  the  over- 
flow to  be  cooled.  Across  the  tank,  about  12  inches  from  the  top,  two 
bars  should  ,be  suspended,  forming  a  support  upon  which  to  rest  the 
dies  while  being  hardened.  The  brine  should  be  a  40  per  cent  solution, 
and  in  the  absence  of  a  hydrometer,  salt  should  be  added  to  the  water 
until  the  brine  will  float  a  raw  potato. 

PackinfiT  and  Heating' 
For  heating,  the  dies  are  placed  in  cast-iron  boxes,  in  the  bottom  of 
which  two  inches  of  burnt  granulated  bone  has  been  placed.  Cast-iron 
boxes  are  used  because  cast  iron  stands  the  heat  well,  and  the  boxes 
are  easily  made.  The  walls  should  be  at  least  V2  inch  thick.  Burnt 
granulated  bone  is  merely  the  raw  bone  after  it  has  been  used  for 
pack-hardening  a  number  of  times.  Upon  this  2-inch  layer  of  burnt 
bone,  the  die  is  laid  face  down,  and  settled  down  so  that  the  bone  fills 
the  impression  and  the  entire  top  face.  This  layer  of  bone  serves  a 
double  purpose,  in  that  it  prevents  the  formation  of  scale  on  the  face 
cf  the  die,  and  also  does  not  allow  the  steel  to  decarbonize.     Steel 
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heated  in  the  open  for  any  length  of  time  will  lose  its  carbon  or  a 
good  part  of  it. 

With  the  face  of  the  die  thus  protected,  the  box,  with  the  die,  is 
placed  into  the  furnace  and  heated  slowly  and  evenly.  This  heating 
takes  from  six  to  eight  hours,  according  to  the  size  of  the  die-block. 
The  proper  heat  for  quenching  a  60-polnt  carbon  die  lies  between  1426 
F.  and  1450  F.  As  the  die  is  but  partly  covered,  the  heat  may  be  seen 
at  all  times. 

Quenching  the  Die 

When  the  die  has  reached  the  hardening  heat,  the  cast-iron  box,  with 
the  die  therein,  should  be  taken  to  the  hardening  tank.  Here  the  die 
is  held  by  the  shank  and  placed  upon  the  spider  within  the  tank.  The 
water  is  turned  on  full  force,  striking  against  the  face  of  the  die  and 
driving  away  any  steam  that  would  "pocket"  In  the  impression  if  it 
were  not  for  the  force  of  the  stream.  If  the  steam  were  allowed  to 
pocket  in  the  impression,  soft  spots  would  be  found  on  the  face  that 
would  be  detrimental  to  the  life  of  the  die.  The  supply  valve  is  left 
wide  open  until  the  brine  reaches  half  way  to  the  top  of  the  die;  at 
this  time  the  valve  should  be  closed  enough  to  keep  the  level  of  the 
brine  at  this  point  As  soon  as  the  die  has  cooled  suflBciently  to  allow 
the  water  to  cling  or  remain  at  the  corners  of  the  top  of  the  die,  the 
shank  of  which  has  at  this  time  changed  to  a  dull  red  color,  the  die 
should  be  placed  in  a  tank  of  oil  and  remain  there  until  cold. 

A  kink  in  hardening  that  is  worth  noting  is  the  method  of  keeping 
the  die  flat  when  it  tends  to  "hump"  up  at  the  shank.  The  hardener 
has  a  short  straightedge  that  he  keeps  laying  on  the  shank  to  see  if  a 
hump  is  forming,  and  such  a  condition  is  very  apt  to  arise  when  hard- 
ening large  dies.  As  soon  as  he  notices  a  perceptible  hump,  he  takes 
a  small  hose  and  plays  a  stream  of  water  upon  the  bulging  point  until 
it  goes  back  into  shape.  Care  must  be  taken  not  to  continue  this  small 
stream  too  long,  or  the  hump  will  be  driven  to  the  face.  A  slight 
hump  on  the  shank  (not  over  1/32-inch)  will  not  be  objectionable,  as 
this  will  leave  the  face  of  the  die  comparatively  flat.  This  slight 
bulging  shank  may  be  surfaced  or  ground  flat  after  the  die  is  cold. 

Tempering  the  Die 

The  operation  of  tempering  the  die  is  accomplished  by  drawing  the 
die  in  a  tank  of  oil.  The  oil  should  be  brought  to  a  temperature  of 
450  degrees  F.  and  kept  there  long  enough  to  insure  the  heat  pene- 
trating through  the  die.  After  removing  from  the  oil.  the  corners  of 
the  die  and  the  cut-off  must  be  drawn  to  a  purple  color  with  the  aid 
of  a  blow  torch.  The  quickest  way  to  do  this  part  of  the  tempering 
is  to  polish  off  these  places  as  soon  as  the  die  is  taken  from  the  oil 
tempering  tank,  and  then  apply  the  blow  torch,  making  use  of  the 
heat  that  Is  already  in  the  die.  After  the  die  is  cold,  the  oil  should 
be  cleaned  off  as  much  as  possible,  and  the  impression  polished  out 
with  emery  and  oil  on  the  end  of  a  stick.  This  final  polishing  com- 
pletes the  work  of  making  the  drop-forging  die. 
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CHAPTER  III 

SPECIAL  OPERATIONS  IN  DROP  FORGE  DIB-SINBaNG 

In  the  first  two  chapters,  the  principles  of  making  drop-forge  dies 
were  treated  upon,  covering  all  of  the  main  operations  of  sinking  the 
impressions  in  the  dies.  There  are,  however,  many  special  operations 
that  must  he  employed  at  times  to  correctly  shape  the  impressions, 
and  these  are  fully  as  essential  to  good  die-sinking  as  are  the  rudi- 
ments of  the  trade. 

CherxTinir 
In  making  the  impression  in  a  drop-forging  die  for  producing  forg- 
ings  for  valve  stems  or  other  forms  In  which  each  die  will  have  at 


Ftff.  82.    Cherrying  a  Die  on  the  MilUnfl:  Msotaine 

least  one-half  of  its  impression  of  the  cylindrical  shape,  it  is  ohvlous 
that  some  means  must  be  provided  to  sink  a  cutter  into  the  die  block 
to  exactly  one-half  of  its  depth.  There  are  several  different  methods 
of  reaching  this  end»  one  of  which  is  to  use  a  special  milling  fixture 
in  which  the  cutter  is  supported  on  a  very  short  arbor  and  rotated  by 
means  of  a  raw  hide  pinion  that  meshes  between  the  teeth  of  the 
cutter,  this  pinion  being  driven  by  the  spindle  of  the  milling  machine. 
Of  course,  the  bulk  of  the  steel  in  the  impression  is  roughed  out  in  the 
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ordinary  way  before  the  special  attachment  and  the  finishing  cutter 
are  put  into  use. 

Another  method  of  sinking  the  cutter  to  one-half  its  depth  is  by  the 
use  of  the  method  called  "cherrying."  Cherrying  and  cherries  are 
terms  somewhat  unfamiliar  to  the  general  machinist  and  toolmaker. 
A  cherry  is  a  milling  cutter,  usually  made  integral  with  an  arbor  whose 
length  varies  with  the  requirements  of  the  Job  to  be  done.  The  cherry 
is  held  in  the  spindle  of  the  milling  machine.  The  die  to  be  cherried 
is  roughed  out  on  the  die-sinking  machine  as  nearly  to  size  as  possible 
and  the  sprue  and  gate  cut.  On  dies  that  are  to  be  cherried  the  sprue 
is  made  circular  in  shape  so  as  to  accommodate  the  shank  of  the 
cherry;  that  is,  the  impression  in  each  of  the  two  halves  is  semi-circu- 
lar. Next,  the  die  is  mounted  on  the  milling  machine  and  the  table 
raised  to  bring  the  cherry  into  the  impression  that  has  previously  been 
roughed  out.    After  the  cherry  has  been  carefully  centered,  the  table 


Flff.  88.    CoUaotlon  of  Obarrles  as«d  in  Dle-slnldnff 

Is  raised  to  bring  the  cherry  to  the  proper  depth  into  the  die,  cutting 
very  slowly  on  account  of  the  large  amount  of  cutting  surface  Involved 
when  the  cherry  is  well  into  the  die.  When  the  Impression  Is  deep 
and  is  located  at  quite  a  distance  from  the  front  of  the  die  block,  the 
shank  of  the  cherry  must  be  long,  and  if  the  front  end  of  the  impres- 
sion is  shallow,  the  shank  of  the  cherry  will  necessarily  be  small  in 
diameter.  In  such  cases,  and  in  fact  in  all  cases  where  possible,  the 
cutting  end  of  the  cherry  should  be  supported.  This  support  consists 
of  an  arm,  swung  from  the  supporting  arm  of  the  milling  machine. 
The  cutting  end  of  the  cherry  is  deeply  centered  and  the  support  con- 
sists of  a  very  short  center  that  is  cut  away  to  clear  the  rest  of  the  die, 
substantially  as  shown  in  Fig.  32. 

Fig.  33  shows  a  group  of  cherries  used  in  different  dies,  as  accumu- 
lated in  doing  general  drop-forge  die^inking,  these  being  of  the  average 
type.  The  operation  of  cherrying  has  been  described  in  preference  to 
some  of  the  special  milling  fixtures,  because  it  is  the  most  common 


Digitized  by  VjOOQ  IC 


36 


,\o.    lor— DROP-FORGING   DIES 


method  used  in  this  connection.  The  special  fixtures  are  not  found 
in  the  majority  of  die-sinking  departments,  although  the  best-equipped 
shops  employ  them  for  special  Jobs  that  would  be  difficult  to  cherry. 

Indicator  Used  in  Makingr  Deep  Impressions 
Fig.  34  shows  a  most  Interesting  operation  and  the  indicator  used  in 
connection  therewith.  This  die  is  for  making  the  sister  hook  illus- 
trated in  Fig.  40  and  as  may  be  seen,  there  is  a  very  deep  part  of  the 
impression  used  for  forming  the  eye,  that  would  be  very  difficult  to 
mill  out  without  the  fixture  shown  in  this  illustration.  The  main  rod 
of  the  fixture  is  screwed  or  clamped  to  the  body  of  the  die-sinking 
machine.  This  rod  terminates  in  a  ball  and  socket  Joint  from  which  is 
supported  a  cross  bar  that  holds  the  pointer  of  the  indicator.  The  die 
in  which  the  impression  is  to  be  milled  is  laid  out  as  usual,  and  in 
addition,  a  line  is  scribed  on  the  side  of  the  die  that  indicates  the 


Flff.  84.    MlUlnff  out  a  Deep  Impreaalon  with  the  Aid  of  an  Indicator 

shape  of  the  bottom  of  the  impression,  as  projected  from  the  impression 
that  is  to  be  cut.  This  line  may  be  seen  on  the  side  of  the  die  block 
that  Is  shown  on  the  machine  in  the  illustration,  Fig.  34.  After  the 
die  has  been  set  up  on  the  die-sinking  machine,  a  roughing  cutter  is 
held  In  the  chuck  and  the  table  of  the  machine  raised  until  the  cutter 
just  touches  the  top  surface  of  the  die.  Next  the  indicator  is  adjusted 
so  that  the  needle  is  on  a  line  with  the  surface  of  the  die  and  at 
the  same  part  of  the  scribed  outline  on  that  side  of  the  die  that  agrees 
with  the  position  of  the  cutter  within  the  outline  of  the  die  impression. 
With  the  cutter  and  indicator  thus  located,  the  impression  may  be 
roughed  out,  the  die-sinker  always  keeping  the  needle  of  the  indicator 
within  the  lines  on  the  side  of  the  die.  After  the  die  impression  has 
been  roughed  out,  a  finishing  cutter  may  be  adjusted  in  the  same  man- 
ner as  was  the  roughing  cutter,  and  by  carefully  watching  the  indicator 
to  see  that  the  cutting  is  always  within  the  scribed  lines,  the  die  may 
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be  finished  much  quicker  than  would  be  possible  without  an  attachment 
of  this  kind. 

Cutter  Millingr  Fixtures 

The  die-sinker  uses  so  many  special  cutters  in  addition  to  the  regular 
cutters,  that  it  is  essential  that  he  be  equipped  to  make  cutters  as 
expeditiously  as  possible,  especially  as  it  often  happens  that  he  must 
stop  in  the  midst  of  the  work  of  cutting  the  impression  to  replace  a 
broken  cutter  or  to  make  a  new  type  of  cutter.  The  cutter  milling 
fixture  shown  in  Fig.  35  is  a  great  help  in  fluting  all  kinds  of  die- 
sinking  cutters.  As  the  illustration  shows,  it  is  merely  a  special  form 
of  index  head,  fitted  with  spring  chucks  to  take  the  standard  sizes  of 
cutter  shanks.  .  The  fixture  is  used  on  the  die-sinking  machine,  using  an 
end-mill  for  cutting  the  flutes.  Both  the  flxture  and  its  operation  are  so 
simple  that  a  description  is  hardly  necessary.  The  cutter  blanks  are 
turned  up  to  the  proper  clearance  angle  and  fluted  while  being  held 


Flff.  86.    Fixture  tor  Fluting*  Cutters,  used  on  the  Die-sink  luff  Machine 

In  the  spring  chuck  of  the  fixture.  The  flxture  is  held  in  the  vise  of 
the  die-sinking  machine  and  the  vise  swung  around  enough  to  give 
the  proper  taper  to  the  fluting  out,  which  on  a  seven-degree  cutter 
would  be  about  flve  degrees.  By  means  of  the  indexing  arrangement  at 
the  back  end  of  the  flxture,  the  cutters  may  be  given  any  number  of 
flutes  desired.  It  is  only  necessary  to  compare  the  time  of  setting  up 
this  flxture  with  the  time  of  rigging  up  a  horizontal  miller  for  the  job, 
to  see  where  the  advantage  of  this  fluting  method  lies,  especially  when 
it  is  considered  that  this  operation  does  not  bring  another  machine 

Into  use. 

Making  Dies  for  Bronze  and  Copper  Forgings 

In  making  the  dies  for  the  production  of  drop  forgings  from  bronze 
and  copper,  there  are  several  points  of  the  work  that  differ  from  the 
making  of  dies  for  steel  or  iron  forgings.  Foremost  among  these  differ- 
ences is  the  finish  that  must  be  given  the  dies.    Copper,  and  bronze  as 
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well,  are  much  softer  metals  than  iron  or  steel ;  consequently  the  metal 
is  driven  into  every  detail  of  the  dies  during  the  forging  operation.  On 
account  of  this  fact,  the  dies  must  be  perfectly  free  from  scratches  of 
any  kind  in  order  to  obtain  a  copper  or  bronze  forging  with  a  smooth 
finish.  This  only  means  that  extra  care  must  be  used  in  polishing  out 
the  dies  both  before  and  after  hardening. 

Forgings  of  copper  and  bronze  are  used  for  machine  parts  that  would 
be  liable  to  rust  from  the  action  of  water  and  also  in  places  that 
require  a  non-magnetic  metal  part  On  account  of  their  density  they 
are  tougher  and  harder  than  a  casting  of  similar  metal  could  possibly 
be.  However,  the  hammering  that  is  necessary  to  form  such  forgings 
is  very  hard  on  the  dies,  even  though  the  metal  being  worked  is  soft. 
To  prevent  the  dies  from  dishing  or  spreading,  tool  steel  is  nearly 
always  used  for  the  dies,  unless  the  forgings  to  be  produced  are  extra 
large  and  heavy.    The  shrink,  draft  and  finish  allowances  on  this  class 


Piff .  86.    Bat  of  Dies  for  Drop<forfflnir  and  Trlmmlnflr  Bhaokles  and  Pins 

of  drop-forge  dies  are  practically  the  same  as  on  dies  for  steel  and 
iron.  Bronze  and  copper  forgings  are  trimmed  the  same  as  are  forg- 
ings of  iron  and  steel,  but  the  dies  must  be  kept  sharp,  in  order  to  do 
good  work;  if  allowed  to  become  dull,  the  trimming  will  be  ragged, 
leaving  the  forging  with  a  rough  surface  on  the  edge. 

Dies  for  Chain  Shackles 
In  making  the  dies  for  drop-forging  and  trimming  shackles  for 
chains,  we  have  a  representative  job  of  dle-sinklng,  and  in  addition, 
there  are  several  special  points  that  are  worth  noting.  Fig.  36  shows 
a  set  of  dies  for  drop-forging  and  trimming  a  shackle  and  the  pin  used 
In  connection  therewith.  The  dies  for  the  drop-forging  are  the  pair  In 
the  center  and  the  different  parts  of  the  die  are  well  shown,  the  anvil, 
breakdown  and  the  central  impression.  In  addition,  the  Impressions 
for  the  pin  that  is  put  through  the  shackle  after  it  has  been  bent  to 
shape,  are  included  at  the  side  of  the  central  impression.    The  reason 
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for  this  is  that  the  shackle  pin  impressions  are  so  small  that  there  is 
plenty  of  room  for  them  without  crowding  the  main  impressions.  An- 
other reason,  fully  as  important,  is  the  fact  that  with  every  lot  of 
shackles  the  same  number  of  pins  must  be  made,  and  by  placing  the 
pin  impressions  by  the  side  of  the  shackle  impressions,  the  job  is  set 
up  and  ready  for  use  whenever  the  shackle  dies  are  set  up. 

Fig.  37  shows  the  die-sinker  starting  to  mill  out  the  impressions  in 
one  of  a  pair  of  shackle  dies.    The  system  of  lighting  the  work,  when 

artificial  light  is  required, 
is  indicated  in  the  illustra- 
tion where  two  adjustable 
incandescent  lights  are  at- 
tached to  the  frame  of  the 
die-sinking  machine.  When 
these  lights  are  swung  down 
close  to  the  cutter  every  de- 
tail of  the  cutting  may  be 
seen,  for  by  the  use  of  two 
lights,  on  opposite  sides  of 
the  work,  there  is  no  shadow 
thrown  on  the  die  by  the 
cutter. 

The  trimming  dies  for 
this  job  are  interesting  in 
that  they  illustrate  both 
styles  of  dies,  hot  trimmers 
and  cold  trimmers.  The  die 
for  trimming  the  shackles 
shown  at  the  left  of  Fig.  36 
is  a  hot  trimmer,  made  in 
one  piece.  At  the  front  is 
the  punch  for  this  die,  re- 
cessed out  to  fit  the  forg- 

Plg.  87.    starting  to  Mill  out  a  Drop-forge  Die         ingS.      The  trimming  die   OR 

the  right  is  a  cold  trimmer  for  the  pin  that  goes  through  the  shackle. 
Connecting-rod  Forgring 

In  Fig.  38  is  illustrated  a  forging  for  a  connecting-rod  that  is  shown 
as  a  further  example  of  forgings  for  which  the  die  impressions  are 
best  milled  and  typed  for  the  irregular  spots  before  the  central  hubs 
are  cut.  This  illustration  shows  the  finished  connecting-rod.  The 
parts  that  would  require  typing,  are,  of  course,  the  projecting  lugs 
through  which  the  bolts  pass.  The  forging  for  this  connecting-rod 
would  be  solid  at  the  two  ends  and  into  these  open  places  in  the  im- 
pression the  types  would  naturally  slip,  should  the  central  opening 
of  the  impression  be  cut  out  before  the  projecting  lugs  were  typed. 
A  Simple  Set  of  Dies  for  Drop-forflring  a  Thrust  Collar 

The  thrust  collar  shown  in  Fig.  39  can  be  drop-forged  in  a  pair  of 
dies  with  but  one  impression.    It  would  hardly  seem  possible  to  do  this. 
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at  first  thought,  but  as  a  matter  of  fact,  it  is  a  practical  piece  of  drop- 
forging.  The  secret  of  the  success  of  this  forging  operation  lies  in 
the  preparation  of  the  stock  from  which  the  forging  is  to  be  made. 
The  stock  should  be  cut  into  blanks  somewhat  smaller  in  diameter 
than  the  greatest  diameter  of  the  forging  and  of  such  a  thickness  as 
will  Just  give  stock  enough  to  fill  the  die,  after  allowing  for  a  sprue 


Fig.  S8.  Coxmeotlnff>rod  Fortrlncr.  after  Maoblnlnir,  to  tUustrata  a  Case 
where  Parts  of  the  Die  Impression  should  be  milled  and  typed  before  the 
Hub  Impressions  are  milled 

for  handling  the  forging  while  being  worked.  The  size  of  this  blank 
can  best  be  obtained  by  weight,  the  blank  being  two-thirds  of  the  weight 
of  the  lead  proof,  after  adding  enough  for  the  weight  of  the  sprue  and 
an  allowance  for  the  shrinkage  of  the  steel  in  the  fire  from  scaling. 


Flff.  89. 


Thrust  Collar,  made  In  a  Pair  of  Dies  with  but  One  Bet  of 
Impressions;  no  Breakdown  or  Anvil  required 


etc.  The  corners  of  this  blank  are  first  hammered  In  and  a  short  sprue 
drawn  out  under  the  hammer,  after  which  the  stock  may  be  placed  in 
the  impression  of  the  forging  die  and  struck  until  full. 

Xo  breakdown  or  anvil  are  required  with  this  set  of  dies  and  the 
central  Impression  is  designed  so  that  the  lower  die  will  contain  the 
cavity  while  the  upper  half  will  have  the  projecting  plug.  This  ar- 
rangement is  for  the  purpose  of  taking  advantage  of  the  "shooting  up" 
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tendencies  of  the  hot  steel.  For  trimming  the  central  web  from  the 
forging,  a  loose  punch  is  used;  that  is,  a  punch  that  is  not  fastened 
in  any  way  to  the  ram  of  the  trimming  press.  The  cutting  end  of 
this  punch  is  made  to  the  size  that  is  wanted  for  the  opening  in  the 
forging;  back  of  the  cutting  edge,  the  stock  is  relieved  to  clear  the 
forging  when  going  through.  When  used,  the  punch  is  pushed  through 
the  forging,  the  punch  dropping  through  the  forging  to  the  bolster, 
from  whence  it  is  taken  and  used  again  on  the  next  forging.  The 
trimming  of  this  piece  should  be  done  hot,  although  if  the  central 
hole  is  small,  that  part  of  the  trimming  may  be  done  cold.  If  the 
hole  is  trimmed  hot,  however,  the  dies  will  meet  much  more  quickly, 
saving  quite  a  little  time  in  the  forging  operation. 

Dies  for  Drop-forflrinfir  Sister  Hooks 
Another  interesting  set  of  dies  shown  in  Fig.  40,  is  for  drop-forging 
sister  hooks  used  in  the  United  States  Navy.    The  set  consists  of  the 


Fiir.  40.    Bet  of  Dies  for  dro^torging  and  trlmmtng  Slater  Hooka 

two  forging  dies  and  the  two  pairs  of  trimming  dies,  one  of  which 
trims  the  hook  end  and  the  other  takes  care  of  the  ring  end  of  the 
sister  hook.  The  center  of  the  ring  is  trimmed  by  another  die  not 
shown.  It  is  obvious  that  the  entire  forging  could  not  be  trimmed  In 
one  operation  on  account  of  the  two  different  parting  lines  on  the 
forging.  It  is  also  obvious  that  the  shape  of  the  forging  makes  it 
necessary  to  forge  each  end  of  the  hook  separately.  To  take  care  of 
this  requirement,  an  additional  set  of  impressions  is  cut  in  the  dies 
to  shape  the  ring  at  the  end  of  the  sister  hook.  This  ring  impression 
is  gated  the  same  as  the  main  impression,  but  it  is  not  used  until  after 
the  front  end  of  the  hook  has  been  completed  and  the  forging  with  its 
unfinished  ring  end  has  been  cut  off  from  the  bar.  The  forgings  are 
made  just  as  though  the  hook  end  were  solid,  being  trimmed  and  cut 
from  the  bar,  leaving  the  hook  end  in  the  shape  of  a  flat  disk.  Then 
the  ring  ends  of  these  semi-completed  forgings  are  reheated  and  struck 
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in  the  second  eet  of  impressions  at  the  front  of  the  die.  It  will  be 
noticed  that  these  impressions  are  gated  in  such  a  manner  that  the 
hooks  will  not  be  crushed  while  being  struck.  The  stock  that  is 
within  the  center  of  the  ring  is  more  than  enough  to  form  the  outside 
In  good  shape,  so  no  extra  allowance  need  be  made. 

In  the  illustration,  Fig.  40,  the  two  trimming  dies  are  shown  placed 
on  the  top  of  the  forging  dies.  These  trimming  dies  are  each  made 
In  two  halves,  being  dowelled  and  screwed  to  bolsters  while  in  use, 
a  matter  that  will  be  more  fully  treated  under  the  head  of  trimming 
dies.  In  this  illustration  will  also  be  noticed  the  way  in  which  trim- 
ming punches  are  cut  away  to  properly  support  the  forging  during 
the  trimming  operation. 

Dies  for  Upsetting  Cam-shaft  Forginsrs 
The  forging  shown  at  B,  Fig.  41,  is  for  a  cam  shaft  that  is  shown, 
after  machining,  at  C  in  the  same  illustration.    To  produce  this  piece, 
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Flff.  41.    The  Operatlona  of  Ifitking-  a  0«m-sbaft 

a  forging  is  made  as  shown  at  A,  in  the  same  illustration.  This  is 
done  in  a  simple  pair  of  dies,  having  half  of  the  impression  in  each 
die.  The  forging  is  finished  in  the  pair  of  dies  shown  in  Fig.  42.  A 
pair  of  dies  of  this  design  are  known  as  "upsetting  dies"  and  consist 
essentially  of  a  recess  to  take  care  of  the  shank  of  the  forging,  con- 
fining it  while  a  blow  is  struck  to  shape  the  head  of  the  cam  shaft  in 
the  impressions  of  the  dies.  Dies  of  this  kind  work  after  the  manner 
of  heading  dies  used  in  making  rivets  and  screw  blanks,  except  that 
they  are  not  split  for  ejecting.  The  forging  is  forced  from  the  die  by 
means  of  a  knock-out,  as  shown  in  the  illustration.  When  the  blow 
is  struck,  the  knock-out  pin  Is  down,  resting  on  the  bottom  of  the  die- 
shoe;  after  the  striking  is  completed,  the  forger  strikes  the  knock-out 
handle  with  a  hand  hammer,  and  the  forging  Is  ejected  from  the  die. 
Ejection  'is  made  easier  by  the  fact  that  the  forging  is  losing  heat  all 
the  time  after  the  blows  have  been  struck,  consequently  it  is  shrinking 
in  diameter.     Another  precaution,  taken  to  prevent  the  forging  from 
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sticking  in  the  die,  is  the  practice  of  giving  the  recess  a  draft  of  one- 
half  degree. 

The  impressions  in  the  faces  of  the  dies,  in  which  the  top  of  the 
forging  is  shaped,  involve  one  feature  that  has  not  heen  touched  upon 
before.  Around  the  part  of  the  lower  die  that  contains  the  impression, 
the  stock  is  turned  down  for  about  one-half  inch,  leaving  the  shoulder 
on  a  15-degree  l)evel.  To  match  this  part,  the  upper  die  is  recessed  for 
the  same  distance  and  on  the  same  bevel,  thus  forming  a  "lock"  that 
insures  the  dies  properly  meeting  within  close  limits  of  alignment. 
This  particular  lock,  owing  to  its  form,  is  called  a  circular  lock 
Circular  locks  are  formed  on  dies  that  must  produce  forgings  that 
are  to  be  accurate  to  size,  or  of  such  a  shape  that  there  would  be  difll- 


Fig.  42.    Upsetting:  !>!•  tor  the  Beoond  Operation  in  Forgtag 
the  Cam-shaft 

culty  in  setting  the  dies  and  holding  them  in  proper  alignment  without 
such  a  help  as  the  lock 

As  to  the  impressions  for  shaping  the  top  of  this  cam-shaft  forgring, 
there  is  nothing  out  of  the  ordinary  about  them.  All  parts  are  sunk 
with  a  seven-degree  draft,  including  the  sunken  section  for  the  out- 
side of  the  cam.  While  being  machined,  these  beveled  sides  are  cut 
straight.  The  best  method  of  cutting  the  arc  impression  for  the  cam 
is  by  the  use  of  the  circular  attachment  on  the  die-sinking  machine. 

A  Lock  Die  for  a  Hinge 

A  difficult  Job  of  die-sinking  is  illustrated  in  the  set  of  dies  shown 

in  Fig.  43.    This  set  of  dies  is  for  drop-forging  the  heavy  hinge  shown 

on  the  top  of  the  dies.    At  the  right  is  the  trimming  die  and  punch. 

In  these  dies  we  have  a  good  example  of  lock  dies  of  another  varie»ty. 
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and  a  more  complicated  one  as  well.  The  forming  impression  and 
breakdown  for  this  piece  were  cut  in  another  set  of  die  blocks,  as  the 
forging  was  too  large  to  admit  of  the  various  impressions  being  placed 
on  the  same  block.  The  finishing  die  shown  is  the  most  important 
and  it  will  be  noticed  that  the  draft,  flash,  gate  and  sprue  are  just 
as  much  in  evidence  as  they  were  in  the  straight  type  of  die.  In  one 
of  the  dies  may  be  noticed  the  cone-like  projections  for  spotting  the 
centers  of  holes  that  are  afterwards  to  be  drilled  in  the  forging.  The 
leaves  of  the  hinge  are  inclined  from  the  base  at  an  angle  of  70 
degrees.  If  they  were  at  right  angles  with  the  base,  the  forging  of 
the  piece  would  be  simplified  a  great  deal.  The  hot  trimming  die 
shown  has  its  face  cut  to  agree  with  the  parting  line  of  the  forging 
dies,  so  that  the  fin  will  lie  against  the  cutting  edge  of  the  die  at  all 


Flff.  48.    Look  Dies  for  Forffinff  and  Trlmmlxiir  a  Speoiid  Hlnflre 

points.     In  cutting  the  deep  parts  of  the  impressions  for  the  leaves 
of  the  hinge,  the  indicator  previously  described  is  a  great  help. 

Dies  for  Maklngr  Extra  Longr  Drop  Forgringrs 
An  extra  long  forging  cannot  well  be  made  in  a  die  with  one  full 
length  impression  for  several  good  reasons.  First,  the  dies  would  be 
so  large  and  heavy  that  the  item  of  stock  alone  would  be  almost  pro- 
hibitive, and  second,  such  dies  could  only  be  used  in  an  extra  large 
hammer.  The  drawing  in  Fig.  44  shows  the  method  of  forging  such 
awkward  shaped  pieces,  taking  for  example  a  long  heavy  spanner 
wrench,  three  feet  six  Inches  in  length.  The  impressions  of  each  half 
of  the  wrench  are  cut  side  by  side  in  the  die  blocks,  keeping  in  from 
the  edge  of  the  die  about  one  inch.  At  the  halfway  point  where  the 
two  impressions  leave  off,  square  notches  are  cut  nearly  to  the  depth 
of  the  impressions;  these  notches  are  the  key-note  of  the  whole  method 
of  producing  such  forgings.  They  serve  as  locating  points  to  start  the 
forgings  from  and  they  will,  in  this  particular  die,  prevent  the  metal 
from  sliding  forward  when  struck  in  the  tapering  impression  for  thp 
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handle.  As  the  steel  fills  these  notches,  it  forms  lugs  on  the  forgings; 
these  lugs  fit  into  the  notches  in  the  second  impression,  thus  locating 
the  blank  in  the  proper  position.  Some  forgings  would  require  break- 
downs for  each  end  of  the  piece  when  made  in  this  manner,  but  this 
spanner  wrench  only  trequires  a  breakdown  for  the  hook  end.  The 
horn,  or  bender,  is  dovetailed  into  the  upper  breakdown  after  the  man- 
ner previously  described. 

Method  of  Forsrinff  Spanner  Wrench  of 
Very  Liarge  Dimensiona 

The  method  of  forging  the  spanner  wrench  is  as  follows.  Steel  is 
used  that  is  large  enough  to  make  the  heavy  end  of  the  wrench.  One 
forging  is  made  complete,  care  being  taken  to  note  the  length  of  the 
bar  required  to  make  the  forging.  After  the  proper  length  of  the 
blank  has  been  ascertained,  the  stock  is  cut  to  this  size  and  the  entire 
lot  of  forgings  are  made  and  trimmed  on  one  end.    The  trimming  dies 


Flff.  44.    Drop-torfflnff  Dies  for  Maklnar  »  I^onff  Forffln^'  by  Halves,  to 
Obviate  the  Necessity  of  Larffe  Dies 

for  both  ends  are  shown  in  Fig.  45.  The  stock  for  the  handle  end  of 
the  wrench  is  then  drawn  down  and  forged  in  the  second  set  of  im- 
pressions in  the  dies,  using  the  lugs  formed  in  the  first  operation  as  a 
guide  to  the  proper  location  for  the  second  operation.  In  turn,  this 
small  end  is  trimmed  as  was  the  forward  end,  and  at  last,  when  the 
forging  is  completed  it  is  moved  backward  in  the  trimming  die  just 
enough  to  clip  off  the  lugs  on  the  sides  and  then  struck  once  more  in 
the  dies  to  round  the  edges  where  the  lugs  were  clipped  off. 

It  often  happens  that  the  forging  is  of  such  a  shape  that  no  lugs  are 
required  to  locate  the  forging  in  the  second  impression.  A  boss,  hub 
or  other  projection,  either  vertical  or  lateral,  does  Just  as  well  as  the 


Digitized  by  VjOOQ  IC 


46 


No.    io;—DROP-fORGING   DIES 


lugs  just  described.  With  care  in  the  forging,  it  is  possible  to  make 
drop  forgings  of  this  character  within  1/32-inch  limits  of  variation  in 
length. 

Trimmingr  Dies 

All  drop  forgings  require  trimming  after  the  forging  proper  is  done. 
The  ideal  forging  comes  from  the  dies  with  a  small  amount  of  fin 
evenly  distributed  all  around  the  forging,  at  the  parting  line.  In  many 
ways  the  fin  is  to  be  desired,  prodded  it  is  uniform.  Its  presence 
denotes  that  the  dies  are  "full"  in  every  respect  and  after  being 
trimmed,  the  forging  is  sure  to  present  a  clean  edge  with  all  traces  of 
the  parting  line  removed.  At  the  time  of  the  trimming  operation, 
a  good  part  of  the  draft  that  has  been  given  the  forging  may  be 
trimmed  off  in  case  it  is  detrimental  to  the  finished  product. 

Trimming  dies  are  of  two  general  classes,  called  hot-trimming  dies 
and  cold-trimming  dies,  according  to  the  condition  the  forgings  are 
in  when  trimmed.    These  two  classes  differ  materially  in  their  design 


Tig.  4fi.    Trlmmlnff  Dies  for  Lonff  Forfflngs  m«de  In  Halves 

and  in  the  steel  from  which  they  are  made,  although  the  die^making 
operations   are  similar. 

Hot  trimmers,  as  they  are  called  in  the  shop,  trim  the  fin  from  the 
forging  while  the  forging  is  being  made.  Fig.  46  illustrates  a  plain 
hot-trimming  die  and  punch.  Generally,  the  forging  is  practically  com- 
pleted, then  trimmed  and  struck  again  to  correct  any  twists  or  distor- 
tions due  to  the  trimming  as  well  as  to  bring  the  edges  up  sharp  and 
size  the  forging.  In  the  case  of  a  piece  having  a  large  displacement  of 
stock,  there  is  apt  to  be  more  fin  than  in  a  uniform  piece;  consequently 
if  this  fin  is  trimmed  out  of  the  way  just  before  the  forging  is  finished, 
it  is  obvious  that  the  dies  will  have  a  better  effect  upon  the  forging 
while  striking  the  finishing  blows.  Most  forgings  of  the  medium  and 
larger  classes  are  hot  trinmied. 

Cold  trimmers  must  do  a  great  deal  harder  work  than  the  hot  trim- 
mers, and  for  this  reason  they  are  made  from  high  carbon  steel  and 
hardened  the  same  as  any  blanking  die.  Forgings  that  are  to  be  cold 
trimmed   are  severed   from  the  bar  when   finished,   with  the   fln'un- 
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trimmed,  and  run  tbrough  the  trimming  die  when  cold.  Thus  it  will 
be  seen  that  to  trim  other  than  small  forgings  in  this  manner,  would 
be  too  great  a  strain  upon  both  punch  and  die. 

Hot-trixnzning  Dies 

There  is  a  special  grade  of  steel,  commonly  known  as  hot-trimming 
die-stock,  that  is  used  exclusively  for  making  hot-trimming  dies.  The 
objection  to  using  ordinary  tool  steel  for  hot-trimming  dies  is  that 
the  edges  of  the  hardened  die  check  very  badly  after  the  die  has  been 
m  use  for  a  short  time.  Checking  is  followed  by  breaking  away  of  the 
steel  around  the  edges,  rendering  the  die  unfit  for  use.  This  special 
grade  of  steel,  used  for  hot  trimmers,  requires  no  hardening,  and 
after  the  die  has  been  put  into  use,  the  edges  toughen  up  and  give 
better  service  than  the  best  hardened  tool  steel  could  possibly  do. 


Fiff.  46.    niuatratlxis'  a  Plain  Hot'tiinmiing  Die  and  Punch 

Hot-trimming  dies,  as  well  as  cold-trimming  dies,  are  made  either 
solid  or  in  sections,  of  which  there  may  be  two,  three  or  even  more. 
If  the  piece  to  be  trimmed  is  a  plain,  regular  shape,  the  die  is  best 
made  in  one  piece,  and  at  the  other  extreme,  if  the  forging  is  a  difficult 
one  to  trim,  the  die  is  built  up  of  two  or  more  pieces;  the  die  con- 
struction is  a  matter  to  be  decided  by  the  die  maker.  Naturally  a 
one-piece  die  is  much  easier  to  handle  in  setting  up,  etc.,  but  a  die  of 
two  or  three  sections  has  the  advantage  of  being  more  easily  sharpened 
and  closed  in  whenever  necessary.  Fig.  47  shows  the  general  idea 
of  hot-trimming  dies  of  one  and  two  sections,  and  a  cold  trimmer  in 
three  sections.  As  shown,  the  different  sections  are  properly  located 
by  means  of  dowels  set  between  the  sections.  A  die  made  in  sections 
must  have  a  special  bolster  on  which  the  parts  are  mounted,  while  a 
one-piece  trimmer  can  be  mounted  on  a  bolster  that  Is  used  for  other 
trimming  dies. 

The  main  difference  in  the  appearance  of  hot-  and  cold-trimmers  lies 
in  the  fact  that  the  hot-trimmers  are  left  open  in  the  front,  while 
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cold-trimmers  have  no  openlngB  of  this  kind.  The  opening  in  a  hot- 
trimming  die  is  for  the  purpose  of  clearing  the  sprue  that  connects 
the  forging  to  the  bar,  otherwise  the  forging  would  be  severed  from 
the  bar  at  the  first  trimming  operation.  As  hot-trimmed  forgings 
are  trimmed  two  or  three  times  in  the  forging  operation,  it  is  of 
course,  necessary  that  the  forging  should  remain  intact  with  the 
bar  until  it  is  finished.  The  trimming  die  is  made  to  trim  the  sprue 
section  as  well  as  the  forging  itself.  After  the  forging  is  completed, 
it  is  cut  off  at  the  sprue  by  means  of  the  special  cut-off  on  the  side 
of  the  trimming  press.  The  opening  at  the  front  is  cut  clear  through 
the  thickness  of  the  die  stock,  and  there  must  be  a  corresponding 
opening   through   the  bolster,   so    that  the   forgings  may   be   carried 


ng.  47.    Trlmmlnff  Dies:   A,  One-pleoe  Hot-trlnmier:  B,  Two-pl*oe  Bot- 
trlxnxner;  and  O,  Tbree-plece  Ck>ld- trimmer 

through  the  die  and  bolster  after  trimming  and  taken  out  from  be- 
neath. The  die  shoe  is  made  with  an  open  space  in  the  center  be- 
neath the  die  and  bolster;  therefore  when  the  forging  is  trimmed,  it 
drops  through  the  die  and  bolster  into  this  open  space  and  is  drawn 
out  through  the  front  of  the  shoe,  still  instact  with  the  rest  of  the 
bar  of  steel.  The  positions  of  the  die,  bolster  and  shoe  are  graphically 
shown  in  Fig.  48. 

Making  a  Hot-trimminff  Die 
In  making  a  hot-trimming  die,  the  templet  used  In  laying  out  the 
outline  for  the  impression  in  the  drop-forging  dies  comes  into  use 
again,  for  with  it  the  trimming  die  may  be  laid  out.  The  shrinkage  al- 
lowances in  this  case  are  correct,  being  the  same  in  the  trimming  dies 
as  they  were  In  the  fprglng  die.  In  connection  with  the  templet,  a 
half-lead  should  be  taken  from  the  forging  dies,  using  the  top  die  for 
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the  purpose.  A  halMead  is  easily  taken  by  standing  the  die  on  end 
and  clamping  a  piece  of  steel  or  iron  over  its  face,  and  pouring  the 
molten  lead  in  the  ordinary  manner.  This  halMead  must  be  replaced 
In  the  impression  after  pouring,  and  the  edges  peened  out  to  fill  the 
impression  when  it  is  cold,  for  the  shrinkage  spoils  it  for  use  as  a 
templet  without  this  peening.  The  reason  for  taking  this  lead  from 
the  top  die  is  that  the  forging  is  usually  laid  in  the  trimming  die 
with  the  same  side  up  as  in  the  forging  die,  so  as  to  be  convenient 
for  the  forger.  Using  the  lead  from  the  top  die  as  a  templet  will  give 
the  trimming  die  the  proper  outline  to  agree  with  the  forging  die 
without  reversing.  Another  reason  for  using  the  top  half  of  the  lead, 
is  due  to  the  fact  that  it  is  easier  to  lit  the  die  to  the  top  half-lead 
than  the  bottom  halMead.  The  die  is  tried  by  pushing  the  lead  up 
through  the  back  side  of  the  die  at  intervals  during  the  filing.  It  is 
obvious,  therefore,  that  the  impression  side  of  the  top  lead  will  show 
up  the  places  in  the  die  that  must  be  filed  out,  far  more  clearly  than 
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Fl|r.  48.    Bbowlntf  Method  of  Mountlnar  »  Trimming  Die  on  ibe 
Bolster  ftnd  Bhoe 

would  the  flat  side  of  the  bottom  half-lead,  in  case  it  were  used. 

After  the  die  has  been  laid  out  and  the  outline  lightly  prick-punched, 
a  row  of  holes  is  laid  out,  the  edges  of  which  just  clear  each  other 
and  the  outline  of  the  die  opening.  The  size  of  these  holes  is  depend- 
ent upon  the  size  of  the  die  to  be  made;  but  for  other  than  small  dies, 
one-half  inch  is  a  good  size  for  the  holes.  After  these  holes  are  drilled, 
the  central  core  may  be  knocked  out  and  the  die  is  ready  for  milling. 

Pig.  49  illustrates  the  operation  of  milling  out  a  trimming  die.  The 
die  is  set  up  in  the  vise  of  the  die-sinking  machine  and  a  stiff,  straight 
cutter  is  held  in  the  chuck.  With  this  cutter  the  die  is  milled  up  to 
the  scribed  outline,  cutting  away  the  rough  stock  left  by  the  drilling 
operation.  The  cutting  section  of  this  cutter  should  be  long  enough 
to  extend  through  the  entire  thickness  of  the  die.  After  the  opening 
is  roughed  out,  the  straight  cutter  should  be  replaced  by  a  three- 
degree  cutter  that  is  made  with  the  larger  diameter  at  the  bottom. 
With  this  cutter  the  stock  may  be  taken  out  Just  to  the  line.    Next,  the 
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die  should  be  turned  bottom  side  up  in  the  vise,  and  a  four-degree 
cutter  of  the  regular  die-sinking  type  placed  in  the  cutter  chuck. 
This  cutter  should  be  entered  into  the  opening  in  the  die  to  within 
7/16-inch  of  the  face  of  the  die  (which  is  now  at  the  bottom),  and 
a  clearance  milled  all  around  the  opening,  about  as  shown  at  Fig.  50. 
As  this  illustration  shows,  this  method  of  putting  in  the  clearance 
leaves  a  sort  of  shelf  about  one-third  the  distance  from  the  face  of  the 
die  to  the  bottom.  Trimming  dies  are,  on  an  average,  1^-inch  thick; 
therefore,  with  the  above  clearance,  there  will  be  less  than  14  inch 
to  file  at  those  points  and  corners  that  require  filing. 

Should  the  die  be  com- 
posed of  more  than  one 
piece,  the  sections  must  be 
fitted  and  dowelled  for  align- 
ment before  drilling  or  mill- 
ing, after  which  they  may 
be  clamped  together  in  the 
vise  of  the  die-sinking  ma- 
chine just  as  though  they 
were  one  piece  and  treated 
that  way  during  the  milling 
operations.  After  the  mill- 
ing has  been  completed, 
some  filing  will  be  necessary 
to  smooth  up  the  cutting 
edge  and  to  clean  out  any 
corners  or  angles  that  could 
not  be  milled.  For  a  one- 
piece  die,  no  holes  are  re- 
quired to  hold  the  die  to  the 
bolster,  as  that  feature  is 
taken  care  of  by  the  clamps 
and  side  screws  with  which 
the  bolster  is  supplied;  this 
feature  is  illustrated  in  Fig. 
piff.  49.   MiUioff  out  a  Trimmiiifir  Die  4g      This  Style  of  bolstCF  is 

used  only  with  one-piece  trimmers.  If  the  trimmer  is  made  up 
of  more  than  one  piece,  the  parts  must  be  screwed  and  dowelled  to 
the  bolster. 

Punches  for  Hot-trimmingr  Dies 


The  general  idea  of  a  punch  for  a  hot-trimming  die  is  not  to  cut, 
but  to  support  the  forging  while  it  is  being  pushed  through  the  die. 
If  the  forging  has  a  broad  flat  top  face,  the  trimming  punch  need  be 
little  more  than  a  flat  punch  that  covers  the  top  of  the  forging  and 
acts  as  a  "pusher"  without  regard  to  the  size  of  the  die  itself.  Such 
punches  are  commonly  made  of  cast  Iron,  and  for  wrench  forgings 
and  other  flat  work,  especially  of  the  larger  class,  they  answer  the 
purpose  as  well  as  a  steel  punch.  *   A  wood  pattern  is  usually  made. 
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and  the  casting  from  it  will  require  little  machining  before  it  is  ready 
for  use.  If  the  forging  is  of  a  round  section,  the  punch  must  be 
hollowed  out  to  fit  the  top  face  of  the  piece.  There  is  but  one  part 
of  the  forging  where  the  punch  should  fit  fairly  well,  and  that  is  the 
sprue  section,  for  unless  this  part  is  fitted  close,  it  will  bend  up  and 
make  extra  work  for  the  forger.  On  the  other  parts  of  the  die  it  is  an 
advantage  to  have  the  punch  fit  the  die  very  loosely,  so  that  the  fin  will 
not  stick  to  the  punch  during  the  trimming.  Punches  for  hot  trim- 
ming are  not  usually  hardened.  They  are  held  in  the  ram  of  the 
trimming  press  by  means  of  a  taper  shank  and  key. 

Cold-trimming  Dies 

Cold-trimming  dies  are  made  from  good  tool  steel,  100-  to  125-point 
carbon,  and  after  making  are  hariened  and  drawn  to  a  dark  straw 
color.  The  machine  operations  in  the  making  are  the  same  as  with 
the  hot-trimmers  except  that  the  opening  at  the  front  is  omitted 
because  the  forglngs  are  not  trimmed  until  they  have  left  the  forging 
press,  and  are  cut  from   the  bar   at  the  sprue.     Although  trimming 
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Fig*.  0O.  Section  of  Trlmmlnir  Die  to  show  the  Clearance  given  to  the 
Catting  Bdare.  Pig.  61.  Bectiun  of  Cold- trimmer  to  show  Method  of 
Cutting  awey  a  Space  at  the  Front  to  clear  Rough  Sprues.  Fig.  62. 
Section  of  Trimming  Die  to  show  Chaxmel  Cut  around  the  Die-opening  to 
accomodate  Forglngs  that  must  be  trimmed  wrong-side  up 

dies  for  cold  work  are  not  made  with  an  opening  in  the  front,  there 
is  usually  a  shallow  space  cut  away  just  outside  of  the  cutting  edge 
at  the  front  of  the  die  to  clear  the  ragged  end  of  the  sprue  that  is 
necessarily  left  after  the  forging  is  severed  in  the  cut-off  of  a  pair  of 
drop- forging  dies.  This  clearance  appears  about  as  shown  in  the  illus- 
tration Fig.  51. 

In  laying  out  the  cold  trimmer  for  a  drop  forging,  the  shrinkage 
problem  comes  up  again.  One  of  the  best  methods  of  obtaining  the 
outline.  Is  to  measure  with  a  shrlnk-rule  the  templet  that  was  used 
in  laying  out  the  drop-forging  dies,  and  to  make  the  outline  of  the 
trimming  die  to  these  dimensions  as  read  from  a  standard  rule.  In 
making  a  cold-trlmmlng  die,  It  Is  a  wise  plan  to  first  trim  up  one  of  the 
forglngs  by  hand  and  then  to  keep  away  from  the  lines  of  the  trim- 
ming die  until  It  Is  sure  that  they  are  going  to  be  correct  for  the 
actual  forging.  With  this  precaution  It  will  be  easier  to  fit  the  forging 
closer,  for  there  Is  always  a  little  uncertainty  due  to  the  difference  in 
shrinkage  arising  from  the  use  of  the  different  steels  from  which  the 
forglngs  are  made. 
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The  average  thickness  of  trimming  dies  lies  between  one  and  two 
inches,  probably  being  nearer  the  one-inch  limit  on  small  and  medium 
work.  In  the  case  of  lock  dies,  the  thickness  will  depend  upon  the 
amount  of  irregularity  caused  by  the  parting  line  of  the  forging  dies. 
The  surfaces  of  some  cold-trimming  dies  are  cut  away  to  within  ^4  inch 
of  the  cutting  edges  of  the  dies.  The  reason  for  this  is  that  on  ac- 
count of  their  shape,  it  is  often  advisable  to  trim  some  forgings  in 
the  opposite  direction  to  that  in  which  they  were  forged.  This  is 
not  often  necessary,  but  when  it  is,  the  trimmer  must  be  cut  away  to 
clear  the  backflash  that  is  left  on  the  upper  side  of  most  fins.  Such 
a  trimming  die  is  shown  in  Fig.  52.  On  account  of  the  fact  that  in 
drop  forging  the  steel  is  more  easily  forced  up  than  down,  into  the 
dies,  high  projections  would  be  in  the  upper  dies,  but  it  would  be 


Fiff.  68.    Tiimmlnff  Inside  aad  Outside  of  a  Rlnff  Forffioff  at  the  same  Time 

rather  awkward  to  trim  such  forgings  from  this  direction.  For  this 
reason  the  die  is  cut  away  as  shown  and  the  forging  trimmed  in  the 
opposite  way. 

Punches  for  Cold- trimming  Dies 

The  punches  for  cold-trimmers  are  made  from  tool  steel,  and  are 
hardened  and  drawn  to  a  very  dark  straw  color.  These  punches  are 
not  hardened  to  make  them  cut  better,  but  to  prevent  them  from 
upsetting  at  the  edges.  As  with  hot-trimming  punches,  the  punch 
should  fit  the  die  loosely,  but  it  should  support  the  forging  at  every 
point  while  it  is  being  pushed  through  the  die. 

There  are  two  cases  in  which  trimming  punches  must  fit  the  dies  as 
closely  as  the  average  blanking  die  for  sheet  metal  work.  One  case 
is  in  trimming  forgings  on  which  the  fin  comes  at  the  corner  of  the 
forging  and  the  other  case  is  similar,  being  on  forgings  that  are 
formed  all  in  one  die.  having  the  other  die  flat.  Unless  the  dies  fit 
fairly  well,  burrs  will  result  at  the  trimmed  edges  of  such  forgings. 

Trimming  a  Ring  Forging 

Fig.  53  shows  a  trimming  die  that  trims  the  inside  and  outside  of 
a  ring  forging  at  one  operation.     The  die  is  a  hot-trimmer  and  made 
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to  fit  the  outside  edge  of  the  ring.  The  punch  is  made  with  a  pilot 
punch  that  just  fits  the  Inside  of  the  ring  at  the  parting  line,  while 
the  shoulder  that  pushes  the  fin  off  from  the  outside  edge  of  the 
forging,  is  left  far  enough  from  the  face  of  the  pilot  punch  to  allow 
the  center  web  to  be  cut  out  before  the  shoulder  strikes  the  top  face 
of  the  ring.  The  forging  is  laid  in  the  trimming  die,  and  the  punch 
comes  down  and  cuts  out  the  central  web  before  the  shoulder  of 
the  punch  reaches  the  top  face  of  the  ring.  As  soon  as  enough 
pressure  is  brought  upon  the  top  of  the  ring,  the  outside  fln  and  the 
sprue  are  trimmed  off.    With  this  style  of  a  punch  and  die,  it  is  best 


Piflr.  64).    The  Way  In  wblob  Lonff  Trimming'  Dies  are  Sheared 

to  trim  the  outside  very  close,  cutting  off  some  of  the  draft  so  as  to 
give  more  support  to  the  punch  while  trimming  the  inside  fln.  The 
die  will  not  require  a  stripper  as  might  be  supposed,  for  the  inside 
punch  will  strip  itself  owing  to  the  fact  that  it  cannot  draw  the 
forging  back  through  the  trimming  die.     The  inside  punch  should  be 


Vlg.  66.    A  Difficult  rorging  to  trim  beoauee  of  Its  Tendency  to  roU 

no  longer  than  necessary  and  should  have  a  very  slight  taper  toward 
the  cutting  edge. 

General  Notes  on  Trimming  Dies 

Trimming  dies  for  forgings  that  are  veVy  irregular  in  shape,  having 
been  forged  in  lock  dies,  must  have  the  surface  of  the  trimming  die, 
whether  a  hot-  or  cold-trimmer,  shaped  to  agree  with  the  face  of  the 
drop-forging  die.  The  reason  for  this  is  very  ai>parent,  the  object 
being  to  prevent  the  bending  of  the  forging  while  being  trimmed. 
A  good  example  of  this  point  is  shown  in  the  trimming  and  forging 
dies  illustrated  in  Fig.  43. 

Forgings  that  are  to  be  cold  trimmed  should  be  pickled  in  a  weak 
solution  of  sulphuric  acid  to  remove  the  scale  formed  in  the  forging 
operation;  by  so  doing,  the  dies  will  last  much  longer,  saving  the 
cutting  edge  from  the  hard  scale  that  otherwise  would  have  to  be 
cul  in  trimming  the  forging. 

A  particularly  difficult  piece  to  trim  is  shown  in  the  illustration 
Fig.  55.     The  difficulty  lies  in  the  tendency  of  the  forging  to  roll  in 
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the  dies  while  being  trimmed.  If  the  forging  is  matched  this  ten- 
dency will  be  reduced,  but  even  then,  if  conditions  are  not  of  the  best, 
the  forging  will  not  trim  well.  One  way  of  helping  to  overcome  this 
rolling  tendency,  is  to  roughen  the  surface  of  the  punch  where  it 
comes  in  contact  with  the  forging.  This  causes  the  punch  to  grip 
the  surface  of  the  forging,  but  it  also  tends  to  mar  the  forging. 

If  the  outline  of  the  forging  to  be  trimmed  is  long,  or  of  a  large 
perimeter,  it  will  be  a  good  plan  to  shear  the  die.  Fig.  54  shows  the 
method  of  shearing  a  trimming  die  by  grinding  hollows  In  its  surface 
at  intervals.  This,  of  course,  lessens  the  force  required  for  the  trim- 
ming or  rather  it  divides  the  work  of  trimming,  whereas  in  the  case 
of  a  straight  die,  the  trimming  must  be  all  concentrated  into  one 
stage  of  the  blow. 

By  making  the  trimming  die  slightly  smaller  than  the  outline  of 
the  die  impression.  It  is  possible  to  trim  off  some  of  the  draft  that 
was  given  the  forging  in  the  dies.  The  appearance  of  this  bevelled 
edge  of  the  forging  is  often  considered  objectionable  and  by  making 
the  trimming  die  small,  most  of  the  draft  may  be  shaved  off. 
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OUTLINB   OP  A   COURSE   IN   SHOP  AND   DRAPTINQ-ROOM 

MATHEMATICS,  MECHANICS,  MACHINE  DESIGN 

AND  SHOP  PRACTICE 

Any  intelligent  man  engaged  in  mechanical  work  can  acquire  a  well-rounded 
mechanical  education  by  using  as  a  guide  in  his  studies  the  outline  of  the 
course  in  mechanical  subjects  given  below.  The  course  is  laid  out  so  as  to 
make  it  possible  for  a  man  of  little  or  no  education  to  go  ahead,  beginning 
wherever  he  finds  that  his  needs  begin.  The  course  is  made  up  of  units  so  that 
it  may  be  followed  either  from  beginning  to  end;  or  the  reader  may  choose 
any  specific  subject  which  may  be  of  especial  importance  to  him. 

Principles    and   Practice   of   Assem- 
bling Machine  Tools. 

Reference  Series  No.  57.  Metal 
Spinning. 

Jigs  and  Fixtures 

Reference  Series  Nos.  41,  42  and  43. 
Jigs  and  Fixtures. 

Reference  Series  No.  3.    Drill  Jig.5. 

Reference  Series  No.  4.  Milling 
Fixtures. 

Punch  and  Die  Work 

Reference  Series  No. -6.  Punch  aito 
Die  Work. 

Reference  Series  No.  13.  Blankinq 
Dies. 

Reference  Series  No.  26.  Modern 
Punch  and  Die  Construction. 

Tool  Making 

Reference  Series  No  64.  Gage 
Making  and  Lapping. 

Reference  Series  No.  21.  Measur- 
ing Tools. 

Reference  Series  No.  31.  Screw 
Thread  Tools  and  Gages. 

Data  Sheet  Series  No.  3.  Taps  and 
Threading  Dies. 

Data  Sheet  Series  No.  4.  Reamers, 
Sockets,  Drills,  and  Milling  Cutters. 


Preliminary  Course  in  Arithmetic 
Jig  Sheets  1A  to  5A: — Whole  Num- 
bers:     Addition,    Subtraction,     Multi- 
plication, Division,  and  Factoring. 

Jio  Sheets  6 A  to  15A: — Common 
Fractions  and  Decimal  Fractions. 

Shop  Calculations 

Reference  Series  No.  18.  Shop 
Arithmetic  for  the  Machinist. 

Reference  Series  No.  52.  Advanced 
Shop  Arithmetic  for  the  Machinist. 

Reference  Series  No.  53.  Use  of 
Logarithmic  Tables. 

Reference  Series  Nos.  54  and  55. 
Solution  of  Triangles. 

Data  Sheet  Series  No.  16.  Mathe- 
matical Tables.  A  book  for  general 
reference. 

Drafting-room  Practice 
Reference  Series  No.  2.     Drafting- 
room  Practice. 

Reference    Series    No.  8.     Working 

Drawings  and  Drafting-room   Kinks. 

Reference  Series  No.  33.     Systems 

and  Practice  of  the  Drafting-room. 

General  Shop  Practice 

Reference  Series  No.  10.  Examples 
of  Machine  Shop  Practice. 

Reference  Series  No.  7.  Lathe  and 
Planer  Tools. 

Reference  Series  No.  25.  Deep  Hole 
Drilling. 

Reference  Series  No.  38.  Grinding 
AND  Grinding  Machines. 

Reference  Series  No.  48.  Files  and 
Filing. 

Reference  Series  No.  32.  Screw 
Thread  Cutting. 

Data  Sheet  Series  No.  1.  Screw 
Threads.  Tables  relating  to  all  the 
standard   systems. 

Data  Sheet  Series  No.  2.  Screws, 
Bolts  And  Nuts.    Tables  of  standards. 

Data  Sheet  Series  Nos.  10  and  11. 
Machine  Tool  Operation.  Tables  re- 
lating to  the  operation  of  lathes,  screw 
machines,   milling  machines,  etc. 

Reference   Series  Nos.    50    and   51. 


Hardening  and  Tempering 
Reference   Series   No.    46.     Harden- 
ing AND  Tempering. 

Reference  Series  No.  63.  Heat 
Treatment  of  Steel. 

Blacksmith  Shop  Practice 
and  Drop  Forging 

Reference  Series  No.  44.  Machine 
Blacksmithinq. 

Reference  Series  No.  61.  Black- 
smfth  Shop  Practice. 

Reference  Series  No.  45.  Drop  Forg- 
ing. 

Automobile  Construction 

Reference  Series  No.  59.  Machines, 
Tools  and  Methods  of  Automobile 
Manufacture. 

Reference  Series  No.  60.  Construc- 
tion AND  Manufacture  of  Automo- 
biles. 
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Theoretical  Mechanics 
Reference  Series  No.  5.    Fibst  Prin- 
ciples OF  Theobetical  Mechanics. 

Reference  Series  No.  19.  Use  op 
Formulas  in  Mechanics. 

Oearinff 

Reference  Series  No.  15.  Spur 
Gearing. 

Reference  Series  No.  37.  Bevel 
Gearing. 

Reference  Series  No.  1.  Worm 
Gearing. 

Reference  Series  No.  20.  Spiral 
Gearing. 

Data  Sheet  Series  No.  5.  Spur 
Gearing.  General  reference  book  con- 
taining tables  and  formulas. 

Data  Sheet  Series  No.  6.  Bevel, 
Spiral  and  Worm  Gearing.  General 
reference  book  containing  tables  and 
formulas. 

General  Machine  Design 

Reference  Series  No.  9.  Designing 
AND  Cutting  Cams. 

Reference  Series  No.  11.    Bearings. 

Reference  Series  No.  56.  Ball 
Bearings. 

Reference  Series  No.  58.  Heucal 
AND  Elliptic  Springs. 

Reference  Series  No.  17.  Strength 
OF  Cylinders. 

Reference  Series  No.  22.  Calcula.- 
TioNS  OF  Elements  of  Machine  De- 
sign. 

Reference  Series  No.  24.  Examples 
OF  Calculating  Designs. 

Reference     Series     No.     40.    Fly* 

VrilEELS. 

Data  Sheet  Series  No.  7.  Shafting, 
Keys  and  Keyways. 

Data  Sheet  Series  No.  8.  Bearings, 
Couplings,  Clutches,  Crane  Chain 
AND  Hooks. 

Data  Sheet  Series  No.  9.  Springs, 
Slides  and  Machine  Details. 

Data  Sheet  Series  No.  19.  Belt, 
Rope  and  Chain  Drives. 

Machine  Tool  Design 
Reference   Series  No.   14.     Details 

of  Machine  Tool  Design. 
Reference  Series  No.  16.     Machine 

Tool  Drives. 

Crane  Design 

Reference  Series  No.  23.  Theory  of 
Crane  Design. 

Reference  Series  No.  47.  Design 
of  Electric  Overhead  Cranes. 

Reference    Series    No.    49.    Girders 

FOR  EiLECTRIC  OVERHEAD  CRANES. 


steam  and  Gas  Engine  Deslgu 

Reference  Series  Nos.  67  to  72,  in- 
clusive. Steam  Boilers,  Engines, 
Turbines  and  Accessories. 

Data  Sheet  Series  No.  15.  Heat, 
Steam,  Steam  and  Gas  Engines. 

Data  Sheet  Series  No.  13.  Boilebs 
AND  Chimneys. 

Reference  Series  No.  65.  Formlxas 
AND  Constants  for  Gas  Engine    De> 

SIGN. 

Special  Course  In  Locomotive  Design 

Reference  Series  No.  27.  Boilers, 
Cylinders,  Throttle  Valve,  Piston 
AND  Piston  Rod. 

Reference  Series  No.  28.  Theort 
AND  Design  of  Stephenson  and  Walt 
scHAERTS  Valve  Motion. 

Reference  Series  No.  29.  Smoke- 
box,  Frames  and  Driving  Machinery. 

Reference  Series  No.  30.  Springs, 
Trucks,  Cab  and  Tender. 

Data  Sheet  Series  No.  14.  Locomo- 
tive AND  Railway  Data. 

Dsmamos  and  Motors 
Reference  Series  No.  34.    Care  and 
Repair  of  Dynamos  and  Motors. 

Data  Sheet  Series  No.  29.  Wirino 
Diagrams,  Heating  and  Ventilation, 
AND  Miscellaneous  Tables. 

Reference  Series  Nos.  73  to  78,  in- 
clusive. Principles  and  Applications 
OF  Electricity. 

Heatlnff  ftnd  Ventilation 
Reference    Series    No.    39.      Fans, 

Ventilation  and  Heating. 
Reference  Series  No.  66.     Heating 

AND  Ventilating  Shops  and  Offices. 
Data  Sheet  Series  No.  20.     Wiring 

Diagrams,  Heating  and  Ventilation, 

AND  Miscellaneous  Tables. 

Iron  and  Steel 

Reference  Series  No.  36.  Iron  and 
Steel. 

Reference  Series  No.  62.  Testing 
the  Hardness  and  Durability  or 
Metals. 

General  Reference  Books 

Reference  Series  No.  35.  Tables 
AND  Formulas  for  Shop  and  Draft- 
ing-room. 

Data  Sheet  Series  No.  12.  Pipe  and 
Pipe  Ffttings. 

Data  Sheet  Series  No.  17.  Mechan- 
ics AND  Strength  of  Materials. 

Data  Sheet  Series  No.  IS.  Beam 
Formulas  and  Structural  Design. 

Data  Sheet  Series  No.  20.  Wiring 
Diagrams,  Heating  and  Ventilation 
AND  Miscellaneous  Tables. 
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Mo.  63.  Moat  Trsatmoat  of  8t««l. — 
Burdening,   Ttinp^rintf,  Case-HardonlnK. 

Slo.  64,     Gatrs  Makings  and  Z*applnff, 

Mo.  65.  Pormnlas  and  Constants  fot 
0as  Sn^no  I>sslirn. 

Vo.  66,  ReatiQir  and  Vsntllatlon  of 
Sliops  and  Oifloos. 

Mo.  67.     Boilsrs. 

Mo.  6a.    BoUsr     Fnmaost     and     Oblm- 

HSf'S. 

Ho.  6?.     Fsed  Watsr  Appliaaoss. 

Vo.  70.     Stsam  Snffines. 

Mo.  71.     Stsaai  Turbines. 

Mo.  7^.  Fnmps,  Condtssers,  Steam  and 
Water  ir*pla^. 

Mo.  73.  Frlnciples  and  Applications  of 
Blsctrlelty,  I'art  I.— Static  El**f  ti  ioJty ; 
F:|<'i  tri' Jtl    Mr'asurfTTJonlw;    Balterit-s. 

Ho.  74.  Frinciples  and  AppUoatlons  of 
niectricUr.  Vnn  II— Mn«fit*ti>*m;  Elec 
tfi.  M;ignftUs»ii»;     Eif^clro  Plating. 

Mo.  75,  Principles  and  ApplieaUons  of 
Electricity^    Pari    Ul.— Dynamos:    Motors; 

Mo,  76.  Principles  and  Application ■  of 
Electricity.    Pnrt     1 V'.  — ICU-c-ir  ji-     Lit^ritlnR. 

Ho.  77.  Prlnolplea  and  Applications  of 
Eleotriclty,  Part  V.— T«.-legrrtp!»  and  Tele- 
ptjonc. 

Ho.  79-  pTlnolpUi  and  AppUoatlons  of 
Blsetrloltyf  Piirt  VI -^TransmlHsl'm  of 
power. 


Mo.  79.    Loeomotivs  BnOdlnr.  P^rt  t 

Main  and  Side  Hod;*, 

Ho.  80*  Xtocomotlve  Bnlldlftff,  Pairt  IL 
—Wheels;  Axl<^«»i  DrlvInK  Bilges. 

Ho.  81.     I.ocomotlTe  BaltdUir»  P^rt  HI 

Ho.  82.     liOcomotlTe  BolldlniT*  P^rl   IV 

—  Valve  M'>li>>n. 

Ho.  83,     Xrocomotlve   Building,    Part    V 

— yi>iier  sr<i>p  rraciufi. 

Ho.  84.     locomotive  BnUdinp,  Part  Vt 

—  Kr»?ctlng. 

Ho.  85.  Meohanloal  OrawlAK^,  Part  1 
—Instruments;  Miiieriali*;  Gm>me|rl<  ju 
Proldvms. 

mo,  86,  xechanieal  Drawlnr*  Part  II 
— Projet  rtla/i. 

Ho.  87.     Mechanical  Brawing'.  Part   HI 

—  Machine   Details. 

Ho.  88.  Mechanical  Brawlnf,  Part  IV 
— Mai'liiue    Details, 

Ho.  89.  The  Theory  of  Shrinkage  and 
Forced   Pits. 

Ho.  90.     Hallway  Mepalr  Shop  Practice. 

Ho.  91.  Operation  of  MaoUne  Tools. — 
Tljc-  1^1  th<^,  Part  1. 

Mq.  98.  Operation  of  Machlna  Tools^ 
The   I^the,  Pan   II. 

Ho.  93.  Operation  of  Kachlas  Tools.^ 
Planer,  Shuper,  Slotter. 

Ho.  94.  OperaUon  of  Maohlaa  Tools.— 
Drilling    Machines. 

Vo.  95.  Operation  of  Machine  Tools. — 
It.uiivj^  MtK'hhUH. 

Ho.  96.  Operation  of  BCaohlne  Tools. — 
Milling  Machines,  Part  I. 

Mo.  97.  Operation  of  Machine  Tools. — 
Milling  Mricbines,  Part  IL 

Mo.  98.  Operation  of  Machine  Tools. — 
Orinding   Mtichlneji. 

Vo.  99.  Antomatlo  Screw  Maolilne 
Fractloe,  Part  I— operation  of  the  Brown 
("t   HIiurfH'  Aiitr'matlc  Screw    Machine, 

Ho.  100.  Antomatic  Screw  Machine 
Practice.  Purl  IL — De.tS^nlnK  and  Outthii? 
Cani.s    for    the   Aulomatk-    Screw    Machine. 

Ho.  101.  Antomatic  Screw  Madilne 
Practice^  Part  ill. — Circular  Forming  ond 
Cut-off  Tools. 

Ho.  103.  Antomatlo  Screw  Maehlae 
Practice,      Part      IV.— External       Cutting 

Mo.  103.  Antomatic  Screw  Machine 
Practice.   l*art    V — Internal  Cutting   Toole. 

Ho.  1Q4.  Antomatic  Screw  Machine 
Practice.  Part  VI, — -Thre.idmg  Operations. 

Mo,  105.  Antomatic  Screw  Haohtas 
Practice.   Part   VII. — Knurling  OperatlonB. 

Mo.  106.  Automatic  Screw  Machine 
Practice,  Part  VTII. — fl'roaa  Drilling.  Burr- 
Ini;  and   ,'^UflltnK  OpfratlonH. 


ADOmONAi'  TlTfiHB  WtLL  B8  ANWOUWCMD  IN   MAOHfygRY    PROM  TIME  TO  TnOi 


MACHINERY'S    DATA    SHEET    SERIES 

MACinrrKKY^B  Data  Sheet  Books  Include  the  well-known  series  of  Data  Sheets 
origrinatetl  by  M\r»iiN»^Kv.  and  insued  monthly  aa  supplements  to  the  publlcaUon; 
of  these  Data  Sh.  ets  over  500  have  been  published,  and  6,000,000  copies  sold.  Re- 
vised and  greatly  amplified,  they  are  now  presented  In  book  form,  kindred  sub- 
ject«  being  grouped  together.  The  purchaser  may  secure  either  the  books  on 
those  subjects  In  which  he  Is  specially  Interested,  or.  if  he  pleases,  the  whole  set  at 
one  time.    The  price  of  each  book  is  25  cents    (one  shilling)    delivered   anywhere 
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Vo,  1,     Bcfn  ThTOftda. — Putted   StateB. 
WhltwortU,  Sh.irp  V-  and  Uriti^h  Awsodu- 


i.t.^; 


Isf  i^L 


I'ln-  Hi>so 
I        l!ll^  Wood, 


tluii      StiirKlaid      TTir* 
Thrwid;  UH  V\*?n  ( 
Conned Itujs;         A*  i 
Throods;  Afotrio    J  i 
Hnd    Litjg    ScriL»w    'I'Liiadii 
Tiiruad«.  etc. 

9o.  2.  Screws,  Bolt«  anft  Viita.— FiJ> 
ll»t«:  '-li'.-aa,     Hcnu1lc»H,     Col- 

lar i  on- lieud  Screws;  Sttintl- 

*iid  .  its;  T-ruU«»  T-bolts  tifid 

W;L»hei,h.  Thuiub  Screws  ;irii.l  Nut»;  A*  L. 
A.  V-  Stiindard  Screws  and  NiiLs;  Machtiie 
Screw  Heads;  Wood  Screws;  Tnp  Drills; 
Ln*ck  Nut«;  Eye-boltF.  rtc. 

Vo.  3.  Taps  ftnd  Di«*. — Hand,  Machine, 
Trtpp#*r  and  Machin^i  Screw  Taps;  Taper 
Die  Taps;  Sell^ri  Hobs;  Screw  Machine 
Taps;  Stnil*;hl  and  Taper  Boilir  Taps; 
Stay-bidt,  Washout,  and  Patch-bolt  Taps; 
Pipfi  TupB  and  Hobw;  8oUd  Square,  Round 
Adjustable    and    Spring-   Screw    Threading 

Mo,  4.  Reamers,  Sockets,  Drllle  mnd 
xmiiie  Cutlers,— Hand  Reamers:  ShelJ 
RcaiTierp  ai>d  ArlH.rR:  i*ipM  RcamcrK;  Tapf-r 
Pins  nnd  Reamf'r.s;  Urown  &  Sbarpe, 
Morse  and  Jrirno  Tiipor  So*  U^ts  and  Rctim- 
era;  Drills;  Wire  O.i-f-s:  Milling  Cutters, 
SettlnK  AnKlcis  for  AitinnK  Tc^eth  iti  End 
Milla  and   Angular  CutttrK.  etc, 

jro.  5.  Spar  Oeaxing.— Djnmctriil  and 
Circular  Pitch;  Dimciifslons  of  Spur  Gears; 
Tables  of  Pitch  IHsinn-t'^iM,  •jiluritograp'» 
Tablt^fi,  Honing  Mill  Gearirn^;  Slr»p>?tb  of 
Spur  Gears;  1  In tki  power  Tninsmiltid  by 
Cii*i-Iron  itnd  Rawhide  Pinions;  Dc-ugn  of 
Spur  Gears;  Welglil  of  Ca^l-lron  Gears; 
Kpicyclic  Gearing. 

Wo.  6.  Bevel,  Spiral  ftud  Worn  Qeskt* 
iag^.— Rult!)S  and  Formulas  for  B^vel 
0<wirs;  Strenptlh  of  RcvhI  Gears:  DeslKn 
of  Bevel  Gears;  Rules  ond  Formula^  for 
Spiral  GeurhiK:  Tables  Fad  11  la  Ling  Ciilru- 
Ifiliona;  Diagram  for  Cutters  for  Spiral 
GfiiTK:  Rules  and  Formulas  for  Worm 
fjefirlng-,  etc. 

Wo.  7.  Slmftiujr,  Xeye  and  Zerwrn^re. — 
Hor.s'powi  r  t>f  Shafiinp:  Dla^rnins  nnd 
Tttblefl  fc***  the  Strength  of  Shafting; 
i^'orcln*?,  Drlvlnk%  SiicioklnK  and  Itiinnlng 
FILh;  Woodruff  Keys;  Crdteil  Statics  Navy 
Standard  K»>ys;  Gib  Keys;  MllUjig  Key- 
nays;   Duplex  Key55, 

Ho.  a.     Bearl&g-s,    Conpliiicrs,    c    i ' 
Crane   Chain   and   Hoolte,  — Pllluu 
Ii;jl>bJtltHl    fi^Lnui^a.    HiiM  .md   R. 
loKs;    (.'Ijinip   C<oiplin<fs;    Plate   » 
Flange   CoupiinRs;    Tooth    Cluicl  . 
Coupllnifs;      I'one      Clulrheis:       i 
JotnUs;     Crane     t*haln;     Chain      iiicLh*tJ, 
Crane  Hooks;;  Drum  Scares, 

Mo*  9.  Springe,  SUdee  and  Maohlne 
Detoile. — F«»rmulaf*  tnul  Tiiblej*  for  Sprln^j 
Calculalloij?;  Maeiiine  Slide,'*;  Mactaln^f 
Handles  and  l^everw;  Collars;  JIaod 
Wb^nsla;  Pins  and  Coitera;  Tuni-bucklea, 
etc. 

Vo,  10.  Motor  Drive*  Speeds  and  Feeds, 
Cbang'e  Oearing-.  and  Borinc  Bars.     Towrr 

reiiiored      tr-r      Macliine      Tools:      Cottlns^       L>ccinial    tegulvnlentH  i^n 

Spci'dft  and  Feed?*  for  Carbon  and  Hlifh-  Tables,  WetKhls  and  SpecUU  Gratlu  of 
Ppe#»d  Sliel:  Scr*-w  Machine  Speeds  r^nd  Metals,  W^elghtH  of  FIHets.  Drnftluir-rooni 
Fecd.<5:     Heat     Treatment     of     High-speed        Con  vent  h>ns.    etc. 

MACHiP^ERy,  the  monthly  mechanical  journal,  originator  of  the  Referenoe  simI 
Data  Sheet  Series,  is  published  in  three  editions— the  Shop  Edition,  $L0O  a  yesr; 
the  Engineering  Edition,  12.00  a  year,  and  the  Foreign  Edition,  $3.00  a  year. 

The  Indastrial  PresB,  Publishers  of  MachinerYj 
49-55  Lafayette  Street,  KeWgi¥l^ie|s(^e^i3S,  A* 


Stcf*!  Tools;  Taper  Turning;  Clian^  Gear* 
Intf  for  th«  Lallit.*;  Boring  Bars  and  Toola^ 
etc.. 

Vo.  ii*  MiUing  atacliliie  Zadealaff. 
Clampings    Devices    and    Planer    Jocks. — 

T^ndcK  for  MHIinu  M..ti.iti.  lu^.  xiiii<; 
Change  Gi-ari?  \<  J  -s 

for    scitinif    lnd»  ,^ 

Clutehes;    Jitf    t  ;...,.    ,.     ,    ..    .....^pa 

and  Clamps;  Planer  Jacks, 

Ho.  Ifi.  Fipe  and  Pips  riUliiga.— Pipe 
Threads  and  Gages,  t'ast-iron  FU Uniys; 
Bronze  Fittings;  Pipe  Flanges;  Pipe 
Bends;  Pipe  Clamps  .nnd  HanR^**r-',  !^l man- 
sions of  Pipe  for  Varlou-     * 

Bo.    13*      Boilers    oaA    c  i  «« 

Spacing  and  Rrtotng  for  W  _th 

of  B«>ller  Joints;  Riveting;  Huilcr  ^j^jiiin^; 
Chimneys- 

Wo,  X4.  locomotive  and  Ballwaj  Date. 
— Locomotive  Boilers;  Bearing  Pressures 
for     Locomotive      Journals;      Locomotivn 

Ci  .w^jfi-   .fiofis;       Rail      Sections;       ^' 

B\'  i\  Cross-overs;  Tires;  T' 

F'  rla    of   Trains;    Brak^    I- 

Br ...1*0.  etc. 

Wo.  la.  steam  and  Gas  8a|rlnes.^Sat* 
uratcd  Sleam:  Steam  Pipt*  Sizes,  Stc^nm 
KnRJne  D'slifn;  Volume  of  Cyllnd^ra; 
Stufflmg  Boxes:  Setting  Corliss  Engtn« 
Valvo  Gfors;  Condenser  and  Air  Pump 
Data;  Hoiseposvof  nf  Gnsoline  Knglnc^a; 
Aulomutuie     KiiKlne     CranU^^liiifts,     etc 

Wo.  16.  Msthematloal  Tablee.— Souitre* 
of    Mixed    Number»;    Futs  r^ 

tlnns;    CI  re  urn  Terence    an  ,tf 

Circles:    Tables    for    Spati    e,       ^  ioa; 

Solution  of  Triangles;  Formulas  f..r  Si>lv- 
luK  Regular  Polygons;  Geometrical  Pro- 
gresi^lon,  rtc. 

Wo.  17.  Meolianloa  and  Strength  of  Ma* 
tsrlals. — Work;  K1^<*ri^v:         i:*^^-   -IfyRftl 

Force;    4^**0 1 er    "-r     '  -v  ^-^ 

tion;   Pendulum,  tb 

of     Mjite  rials;     S  sc- 

Ratio     of      OutHitf"      .ui.l      IrtMld.^      1C;m11j       nf 

ThlcK  Cylinders,  etc. 

Wo.  ISb  Beam  Pormnlas  aad  stracttirai 
Design. — Ream   F<jrmuhis;   Sw*  t  d- 

uli    of    Structural    Shapes;    R.  ^; 

Net  Ar^aK  of  Structural  An;,:  .  ...^t 
Spacing:  SpheeM  for  ChuniM*i»  atjd  I- 
beams;   Stresses   in    Roof  Trusses,  etc 

Wo.  19.  Belt,  Bone  ««'*  rt^*!"  ti*-!--*? ^-. 
Dimensions   of    PuIk  ,|- 

ieys;   Horsepower  of 

Ity;     Atigulur    Belt     l>,,:  r 

transmitted   by   Ropes;   bt  i^e 

Drive;    Bending   Stresses  >*,*, 

Sprockets  for  Link  Chain."*.  *  .ouiui.,-  ^i»d 
Tables  for  Various  Clnas^s  of  DnvJfur 
Chain.  ^ 

Wo.  30,  Wiring  Diagramo,  Baallag  «b4 
Tentilation,    and    MisoeUaneona   Tmea. — 


Typical    Mid  or    \V     i  ,v' 
a  nee  (tf  Round  r 
cr^d  Cables;   Cn 
ous  t?ontncts  ar 
Fan    and    Blower    d, 

Tilnkir. 
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This  treaUt?p  is  onv  unU.  In  a  rorupnlHndive  Scik-s  of  RofireiK'**  bcioks  orlgfnatc. 
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Ho.  1,  Worm  OOftHsff. — Calculating  D!- 
menaluns;  Hobs;  Ijocation  of  Pitch  Cir- 
cle;   Self'ljocklng    Worm    Gearing,    elo. 

Ho.  St,  3>r«f  ting--Booin  P  r  a  e  1 1  o  «  ,■ — 
Sysletiia;  Tracini;,  Lettering  and  Mount- 
ing. 

Ho.  3.  Urlll  Ji^^— Principles  of  HrlH 
Jigs;   Jlg^  Plates;    KxatnploB   of  Jigs. 

Ho.  4.  Milling'  Fixttu:**. — Principles  uf 
Fixtures;    Exam  pits  of   Di^sign. 

Ho.  5.     First   PflAoipI««   of   TlieoT«tieal 

Ho.  6«  Punoh  and  l>le  Work. — Princi- 
ples of  Puni'li  and  IHe  %Vork:  Making  and 
using  Dies;    Die  and  Punch  Design. 

Ho.  7*  Xifttlio  and  FIaiiot  Tools. — Cut- 
ting Tools;  Bi>rlf>g  Tools;  Shape  of  Stan- 
dard Shop  Toolw;   Forming  Toola, 

Wo,  8.  Working'  Drawtngrs  and  Draft- 
ing Boom  Sinks. 

Ko*  9*  Designing  and  Cnttlnflr  Cams*^ — 
Drafting  <>f  L'anKs,  ram  Curves;  Cam  De- 
sign and  Cam   Cutting. 

Vo,  10.  Bxatuples  of  ICaohJne  Shop 
Frsctioo.— H*utlHM?  Bevel  Gi-ars;  Maklrij^ 
a.   Wurm-Gcur,   Spindle   Constriirtion, 

Ho.  II.  Bearings. — De^l^n  nf  near- 
Jhg8;  Ciiusis  of  Hot  Bearings;  Alloys 
for  BeaririifH;   Frii-tioii  and  Lubrication. 

Ho,  12.     Out    of   print. 

Vo.  13»  Bl&nklng  Dies. — Making  Blank- 
ing IMe.K;  BliirkkiiiK  and  Piercing  Dies; 
Bpltl    iJJHs;   Novel    Ideas   in    Die  Makinii?. 

HO.  14.  Details  of  ICaclilns  Tool  D«- 
d^n. — ("ime  I'nlleyf?  and  Belts;  Strength 
nf  Cnunler.^^Jiaf Ls;  Tumbler  Gear  DeJslgn; 
Faults  of  Iron  Casting*. 

Ho.  15*  Spnr  aearlng. — Dimensions; 
DeslgTi;    f?tr«'ri^'ili;    L«ur.ib)lity. 

Ho.  16.  MacMne  Tool  Drives* — Speeds 
and  Feed.*?:  KIukI*-  Piili<-v  Drives;  Drives 
for  High  Sp«  ed  Cuttlnjf  Toolj^. 

Ho.  17*  Strenflth  of  Cylinders. — For- 
mulas,  Cttartb,    *jih1    bia;;!ains. 

Wo,  18.  Shop  Arithmetle  for  tlie  Mo- 
ehinist.— Taper H  CfianRe  iJears;  Culling 
Kpeedfi;  I'Ved.s,  ind*-xiriK:  Gearing  for  Cut- 
tin»j   Spirals;    Au^lt «. 

Ho.  19.  Use  of  Formulas  In  Mechanics. 
—  With  numennit?  appUeatioajs. 

Ho.  90.  Spiral  Gearing'. — ^Rules,  Formu- 
las, and  Dlag^ranis-,  en.\ 

Ho.  31*  Sfteaenring  Tools. — History  of 
Standard  Mi-usuretntnUH,  <_'alipers,  ^'oni- 
passea ;     M  Urometer     TooIh;     Protractors, 

WOn  as.  Calcnlation  of  Blements  of 
Machine  Desirn.— Paetor  <*f  Safety; 
Strength  of  HMlts;  Riveted  Jolitt*;  Keys 
and   Key  ways;    Toggle-joints. 

Ho.  23.  Theory  of  Croae  Desigii. — Jib 
Cranes;  Shofts,  Gears,  and  Bearings; 
Forte  to  Move  Crane  Trolleys;  Pillar 
Crofies, 

I8«*  Insld:*  b*flk  ooirer 


Ho*  24.     Bsotoples    of    Oolonlatlng'    2>e. 

slgtis. — Charts    in    De.Hlgnlij^;    Punch    u»vcJ 
Hjveter     Frames;     Shear     Frames;     BHIet' 
and    Oar  Passes;  etc. 

Wo*  35.  Deep  Bole  DrUHag, — MethcKJi 
'•f  Drilling;  Construction  of  Drills. 

Ho.  36.     Modem    Punch    and    Die    Con- 
struction.— Cun.Mt ruction  and    L^se  of   Sub-i 
presK     Dle»;    Modem     Blanking     Die    Con- 
struction; Drawing  and   Forming  Dle». 

Ho,    37.     locomotive    Design,    Part     1.. 
Boilers,   CylinJ.  rs,    I'ipes  and   Pistona. 

Ho.  38.     Xiocomotlve   Design,    P/irt    ft.— I 
StHpln-ji^f^ri    an<i     WfilRchaerts    Valve     Mc 
tluns;    Theory.    Calculation   and    Design. 

Ho.  2d.  Z»ooomotlTe  Design,  Part  TtlLl 
— SmokelM»x;  Exttausl  Pipe;  Fram«»sM 
Cruss-iiead.s;  Gui<le  Bars;  Conneeting-rods; ' 
Crank-pins;    Axles;    Driving-wheels. 

Wo^  30.  ^ocomotlTS  Design,  Part  IV. — 
Springs.    Trucks,   Cab  and    Tender. 

Wo.  31.     Screw  Thread  Tools  and  0a^«B. 
Ho.  33.     Screw  Thread  Gutting,^ f^ the 
Change  Gears;  Thnad  Tools,  Kinks. 

Ho.  33.  Systems  and  Frootloe  of  l^s 
D  raf  tlng-Xoom. 

Ho.  34,  Care  and  Bepolr  of  Dynasios 
and  Motors. 

Wo.  35.     Tables  and  Formulas  for  Sluiii 
and  Drafting-Boom. — Tlie   Cse  of  Porrau*  i 
la.y:    Solution    of    Triangles;    Strength     of  1 
Materials;    Gearing;    Screw    Threads;    Tap 
Drills;    Drill    Sizes;    Tapers;    Keys,    ©ic 

Ho*  36.     Iron   and   Steel Principles    of 

ManufEicture  and  Tretxtment*  1 

Ho*  37.     Bevel       Oeorlng.— Hules       and  J 
Formulas:       Kxamples       uf      C«lculatioti:  1 
Tooth   Outlines:  Strengtii  and  Durability: 
Design;  Methods  of  Cutting  Teeth. 
Ho-  38,     Out   of  print.      See  No.   98. 
Ho*  39.     Fans,  Tentilation  and  Heatlac* 
^Fans;  Heat^^rs;  Shup  Hmtlng. 

Ho.  40.  Fly  Wheels. — T  heir  Purpose 
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CHAPTER  I 

THE  DESIGN  OP  DIB-CASTINa  MAOHINEIS 

Die-castings  have  become  fairly  well  known  in  the  past  few  years,  but 
the  machines,  metals  and  methods  employed  in  their  manufacture  are 
as  yet  very  little  known.  This  is  due  no  doubt  to  the  fact  that  the 
apparatus  and  methods  employed  have  been  zealously  guarded  as  secrets 
by  those  engaged  in  this  manufacture.  It  may  be  surprising  to  many 
to  learn  that  the  commercially  successful  manufacture  of  castings 
from  alloys  in  metal  die-molds  has  not  been  accomplished  through  any 
recent  invention,  nor  been  the  result  of  any  one  individual's  efforts. 
Like  most  other  industries,  it  has  been  of  a  gradual  growth,  through  a 


Tig,  1.    Type-oaitinr  Xaehiae  built  in  1849.    Tig,  S.    ImproTemeat 
in  the  Type-castinf  Machine,  made  in  1856 

period  covering  more  than  sixty  3'ears.  The  machines  have  been 
slowly  perfected,  and  the  alloys  for  the  castings  have  been  continually 
improved.  Thus  it  is  now  possible  to  make  dense,  sound  die-castings 
from  alloys  nearly  as  strong  as  brass,  and  a  process  by  which  a  very 
strong  bronze  can  be  cast  in  die-molds  is  beiug  developed. 

Historical  Development  of  Die-casting  Machines 

The  first  machines  or  methods  along  this  line  were  used  to  manufac- 
ture bullets  and  type.  Many  inventions  for  casting  bullets  were  made 
and  several  patents  taken  out  in  the  years  preceding  and  following  the 
American  rebellion  and  the  Mexican  war. 

Of  the  type-casting  machines,  the  first  one  of  which  we  can  obtain 
an  illustration  was  patented  on  March  27,  1849,  by  J.  J.  Sturgiss.  A 
sectional  view  of  this  machine  is  shown  in  Fig.  1.  This  Illustrates  the 
basic  principle  on  which  most  of  the  die-casting  machines  in  use  to-day 
are  built.    In  this  machine  the  molten  metal  flows  from  the  pot  A  which 
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is  surrounded  with  heat,  through  the  opening  B  into  the  cylinder  C. 
Plunger  D  is  then  forced  down  by  the  lever  E,  which  Is  operated  by  a 
cam  and  connecting-rods,  and  forces  the  metal  out  of  nipple  F  into  the 
type-mold.  Piston  valve  O  is  then  forced  forward  to  squeeze  the  metal 
into  the  mold  and  also  cut  off  the  liquid  stream,  so  it  will  flow  back 
into  the  pot. 


Fir.  S.    SnuOl  Hand-operated  Machine  bnilt  in  187S 

This  was  followed  in  1852  by  another  patent  by  W.  P.  Barr  covering 
other  points  on  a  machine  which  worked  in  practically  the  same  manner 
as  that  shown  in  Fig.  1.  As  shown  in  Fig.  2.  E.  Peluze  patented  an 
apparatus  on  similar  lines  in  1856.  His  improvement  over  the  two 
former  machines  was  in  the  piston  valve  H,    In  this,  valve  /  was 


SECTION  ON  LINE 
CrC, 


JtogWne^||^J^ 


Fir  4. 


First  Die-oattinr  Xaohtne  built  for  Xitcellaneona  Work  (1877) 
•et  up  for  Casting  Bearings 


moved  back  until  beveled  surface  J  closed  opening  K,  through  which 
the  molten  metal  flowed.  Plunger  L  was  then  forced  down,  and  this 
made  the  metal  flow  through  nipple  M  into  the  type-mold.  After  this, 
piston  valve  /  was  forced  forward,  the  same  as  in  Fig.  1,  and  for  the 
same  reasons. 
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In  1872  a  small  hand  machine  was  patented,  as  shown  in  Fig.  3. 
This  was  filled  with  molten  metal  from  a  melting  pot,  and  when  set  on 
the  bench,  the  palm  of  the  hand  was  brought  down  forcihly  on  the 
wooden  knob  K,  This  forced  down  piston  D  and  squeezed  the  metal 
out  through  nipple  F,  Other  machines  were  invented  in  the  following 
years  for  making  medals,  sewing  machine  bobbins  and  various  other 
small  articles.  The  type-metal  apparatus  was  also  improved  by  such 
inventions  as  that  shown  in  Fig.  6,  in  which  a  much  better  design  and 
arrangement  were  made  of  heating  chamt)er,  melting  pot,  cylinder, 
plunger,  etc. 

The  first  attempt  to  apply  these  principles  to  a  more  universal 
manufacture  of  castings  was  made  by  C.  and  B.  H.  Dusenbury  in  the 


Fif.   6.    Di«-oattinf  Xaohine  patented  in  1892.     Fif.   6.     ImproTement 
made  in  1888  on  Machine  shown  in  Figt.  1  and  8 

machine  shown  in  Fig.  4,  which  they  patented  in  1877.  In  this,  the 
same  principles  as  used  on  former  machines  were  adopted  for  the 
melting  pot.  cylinder,  plunger,  outlet  passage  and  nipple.  In  addition 
thereto,  arrangements  were  made  by  which  the  die-molds,  that  con- 
tained impressions  for  journal  bearings,  were  located  on  the  machine, 
and  exchanged  for  others  when  desired.  Thus  a  wide  range  was  given 
to  the  machine.  The  method  of  moving  the  mold  away  from  the  nip- 
ple so  it  could  be  opened  and  closed  was  accomplished  by  the  gear  and 
rack. 

Little  was  done  with  this  method  of  casting  until  after  C.  W.  Weiss 
was  allowed  some  claims,  on  March  8,  1892,  on  practically  the  same 
machine  that  was  patented  by  the  Dusenburys  in  1877.    This  is  shown. 
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in  FMg.  5.  From  this  time  on  the  die-caating  business  has  steadily 
grown  until  it  is  now  quite  an  important  factor  in  the  manufacture  of 
many  piroducts.  The  many  improvements  have  given  us  automatic 
machines  that  insert  wires,  bushings,  clock  wheels,  etc.,  of  steel,  bronze 
or  other  strong  metals,  into  the  molds;  and  close  them,  cast  the 
alloy  and  eject  the  finished  casting  out  of  the  mold.  Between  this  and 
the  simple  hand-operated  machine  there  are  belt-driven,  motor-driven 
and  semi-automatic  machines  used  in  the  manufacture  of  die  castings. 

Hand-operated  Machines 

The  strictly  hand-operated  machines  have  been  perfected  to  an  ex- 
tent that  enables  one  man  to  turn  out  a  large  number  of  castings  with 
an  alloy  that  is  not  very  high-priced.  Thus  a  machine  may  be  placed 
in  a  room  or  in  any  part  of  a  shop  where  there  is  no  power.  The  only 
thing  required  to  operate  it  is  a  supply  of  gas  to  heat  the  melting  pot 


jroohMeryJVir. 


Tig,  7.    Xeltinv  Pot  with  Side  OuUet 

and  melt  the  metal,  and  a  man.  The  output  of  these  hand-operated 
machines  is  so  large  that  it  is  only  under  very  special  conditions  that 
the  automatic  machines  can  be  economically  operated.  These  con- 
ditions would  require  a  very  large  numbier  of  castings  from  the  same 
mold,  and  the  castings  could  not  be  very  intricate.  With  the  hand- 
operated  machines,  however,  very  intricate  castings  can  be  made  from 
the  white-metal  alloys  generally  used. 

The  modern  hand-operated  machine  with  its  melting  pot  and  method 
of  forcing  the  metal  into  the  molds  has  undergone  many  changes  and 
has  been  the  subject  of  a  great  deal  of  designing.  In  connection  with 
it,  valves  and  sprue-cutters  have  been  made  in  several  different  ways. 
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The  ways  and  means  of  holding  the  molds  for  the  cast  and  then  open- 
ing, or  parting  them  to  eject  the  casting  have  also  heen  improved  in 
various  ways.  From  the  meKing  pot  the  metal  has  been  forced 
through  the  sides,  top  and  bottom,  and  then  into  the  molds.  A  cylinder 
and  plunger  has  been  the  favorite  method  used,  and  this  has  been  de- 
signed in  various  styles  and  sizes.  Some  have  used  air  for  forcing  the 
metal  into  the  mold,  but  with  no  success. 

Meltinir  Pots  and  Planfirers 
In  Fig.  7  is  shown  one  of  the  latest  styles  of  machines  with  the  out- 
let from  the  melting  pot  in  the  side.     In  this  the  burning  gas  in 
chamber  0  keeps  the  metal  molten  In  pot  A  and  it  flows  through  pass- 
age  B  into  pressure  chamber  C.  From  here -it  is  forced  by  plunger  D 


Tig,  8.    Lonff  Type  of  Flnnrer.    Tig.  9.    Plimfer  tmallcr  tluui  Oyliadei^- 
Attxiliary  Heatiiif  Obamber  for  Outlet  FaMace 

through  nozzle  F  into  the  mold.  Valve  O  is  then  turned  over  to  stop 
up  the  passage  and  thus  cut  off  the  flow  of  metal.  This  style  of  ma- 
chine brings  the  pressure  chamber  C  down  into  the  gas  chamber, 
where  it  is  easily  heated  to  the  right  temperature  for  casting.  The 
metal  that  lies  between  valve  O  and  the  end  of  nozzle  F,  however,  has 
to  be  removed  before  it  freezes  and  before  the  mold  is  opened.  It  is 
therefore  necessary  each  time  a  casting  is  made  to  move  the  entire 
mold  away  from  nozzle  F,  while  the  sprue-cutter  is  in  position  for 
keeping  the  metal  away  from  the  casting.  This  extra  metal  then  falls 
to  the  floor.  This  has  been  overcome  in  some  machines,  and  hence 
one  cause  of  trouble  is  removed.  Another  fault  is  that  while  plunger 
D  is  traveling  past  port  B  it  forces  the  metal  out  into  melting  pot  A 
and  thus  keeps  it  continually  churned.  This  causes  the  dross  and 
slag  that  should  rise  to  the  top  to  mix  with  the  molten  metal  and 
enter  the  castings. 
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The  plungers  used  with  this  type  of  machine  differ  considerably. 
The  one  shown  In  Fig.  7  has  a  bearing  surface  as  long  as  the  diameter 
of  the  plunger.  This  "square"  plunger  gives  very  good  satisfaction 
where  it  Is  covered  with  molten  metal,  as  it  is  in  this  case.  An  ex- 
tremely long  plunger  is  shown  in  Fig.  8.  The  construction  of  the  ma- 
chine is  such  that  one  end*  of  the  plunger  comes  out  into  the  gas  cham- 
ber and  thereore  it  was  extended  into  the  open  air  in  order  to  over- 
come the  excessive  heat  of  the  gas  flames.  Much  trouble  has  been 
experienced  with  this  type,  from  the  metal  freezing  around  the  surface 
between  it  and  the  cylinder,  thus  causing  the  plunger  to  stick.  This  is 
largely  due  to  the  great  difference  in  temperature  between  the  two 
ends,  and  consequently  plungers  of  this  type  have  to  be  continually 
cleaned. 
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Fif .  10*    FreMure  Oliamber  lubmerred  in  Keltiiif  Pot 

To  overcome  this,  the  type  of  plunger  shown  in  Fig.  9  was  Invented. 
It  Is  smaller  in  diameter  than  the  cylinder  or  pressure  chamber  and 
travels  in  a  rack  composed  of  the  two  rings  /,  which  are  held  to- 
gether by  ribs  J,  One  of  these  rings  fits  into  the  end  of  the  cylinder, 
and  holds  the  rack  in  position.  The  molten  metal  flows  into  the 
pressure  chamber  through  port  L,  and  a  valve  closes  this  port  when 
the  plunger  is  brought  forward  to  force  the  metal  up  into  the  mold. 
In  the  cylinder  is  located  an  asbestos  washer  M  for  preventing  any 
leakage  of  molten  metal  that  might  occur.  This  type  of  plunger 
largely  overcomes  the  tendency  of  metal  to  freeze  on  the  bearing  sur- 
face, as  its  area  is  greatly  reduced.  Dross  also  is  not  as  liable  to  clog 
and  stick  the  plunger  in  the  cylinder.  This  design  has,  however,  added 
the  troubles  encountered  with  an  asbestos  washer,  which,  owing  to 
its  non-cohcsiveness,  is  continually  crumbling  away  and  flaking  off. 

Around  the  outlet  or  nozzle  of  this  machine  has  been  placed  an 
auxiliary  heating  chamber.  Gas  enters  through  pipe  N,  surrounds  the 
nozzle  in  passage  R,  passes  through  the  perforated  ring  P  and  fills  the 
inner  chamber  Q;  after  which  the  burnt  gases  pass  out.  This  keeps 
the  molten  metal  that  fills  nozzle  F  from  chilling  when  a  casting  is 
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being  made.  This  is  one  of  the  troubles  often  met  with  in  this  style 
of  die-casting  machine.  Of  course,  when  the  sprue-cutter  has  severed 
the  metal  between  the  mold  and  the  pressure  chamber  C,  this  passage 
empties  when  plunger  D  is  pulled  back.  Passage  F,  however,  is  filled 
a  large  part  of  the  time,  as  in  making  a  casting  it  is  necessary  to 
bring  the  plunger  forward  as  hard  as  possible,  a^d  hold  it  there  while 
the  mold  is  filling  with  metal  and  the  sprue-cutter  is  being  operated. 
Metal  freezing  in  this  passage  causes  a  great  deal  of  trouble  which  a 
heating  chamber  might  abolish. 


Fir.  11*    Keltinr  Pot  with  Air  Preware  Oluunber 


In  Fig.  10  is  shown  another  style  of  melting  pot.  This  has  a 
pressure  chamber  submerged  in  the  molten  bath,  and  the  plunger  i3 
operated  by  a  lever  which  passes  out  through  the  top  of  the  bath.  The 
nozzle  also  carries  the  metal  through  the  top  of  the  bath  to  the  mold. 
In  this  tjrpe  the  melting  pot  A  is  surrounded  with  gas  flames  at  0,  and 
the  metal  in  the  pressure  chamber  has  to  be  heated  through  the  mass 
of  metal  in  the  melting  pot  A.    It  is  therefore  difficult  to  keep  the 


arac^.<nery,y.r. 


liff.  IS.    Another  Typo  of  Air  ProHiire  Chambor  in  the  Meltinf  Pot 

metal  in  pressure  chamber  C  as  hot  as  that  in  melting  pot  A.  The 
opposite  condition  should  exist,  i.  e.,  the  metal  should  be  hottest  at 
the  point  where  it  is  being  forced  into  the  mold.  While  several  die- 
casting  firms  have  used  this  type  of  machine,  it  has  been  the  cause  of 
much  trouble. 
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Application  of  ComproBBed  Air  to  Die  castinsr  Machines 
In  Fig.  11  is  shown  a  pressure  chamber  submerged  in  a  melting  pot, 
but  instead  of  using  a  plunger*  compressed  air  is  driren  into  the 
pressure  chamber  through  pipe  S.  and  this  forces  the  molten  metal  out 
through  nozzle  F  and  into  the  mold.  This  application  of  compressed 
air  has  appealed  to  many  builders  of  die-casting  machines  owing  to  its 
simplicity  of  operation,  its  positiveness,  and  the  fact  that  operating 
troubles,  such  as  the  plunger  sticking  to  the  cylinder,  were  overcome 
in  the  machine.  All  those  who  attempted  it,  however,  were  men  who 
understood  nothing  of  metallurgy  or  the  nature  of  metals.  With  the 
exception  of  a  few  very  rare  elements,  oxygen  unites  with  every  known 
substance.     It  has  a  special  affinity  for  metals  when  heated,  and  the 
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Tig.  18.  Eleotrioally  Hented  Oruoible  for  Xeltinf  Pot 
higher  the  temperature,  the  greater  will  be  this  affinity.  It  is  one  of 
the  most  injurious  elements  that  can  be  injected  Into  metals.  By  forc- 
ing air  under  pressure  into  pressure  chamber  C  as  is  done  in  this  case, 
it  is  Impinged  directly  upon  the  surface  of  the  metal  with  consider- 
able force,  and  thus  greatly  increases  the  amount  of  oxygen  that  the 
metal  will  absorb  from  this  air.  After  the  first  few  castings  are 
made,  the  metal  becomes  full  of  small  bubbles  which  increase  in  size 
with  the  number  of  castings  made,  and  in  a  short  time  there  is  noth- 
ing to  the  casting  but  a  shell  of  m6tal  that  is  filled  with  bubbles.  Many 
times  such  castings  are  marketed  because  the  spongy  formation  of 
the  center  does  not  show  on  the  outer  surface,  but  the  instant  they  are 
broken,  their  worthlessness  is  apparent. 

In  Fig.   12   is  another   type  of  the  pressure   chamber   that   is  sub- 
merged in  the  melting  pot,  and  thus  has  the  coldest  part  of  the  molten 
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metal  passing  through  nozzle  F,  as  in  the  case  in  Figs.  10  and  11.  In 
this,  air  pressure  has  been  used  to  force  the  metal  up  through  nozzle 
F,  but  an  attempt  has  been  made  to  overcome  the  defects  always  en- 
countered when  using  air.  Float  T  has  been  placed  in  a  compartment 
by  itself,  and  the  air  is  blown  into  this  so  that  it  will  impinge  upon 


Fir.  14.    Three  Stylet  of  ValTee  need 

the  surface  of  the  float,  and  only  have  a  small  surface  of  metal  around 
the  float  to  absorb  the  oxygen.  Nozzle  F  was  also  made  of  a  casting 
that  projected  close  to  the  bottom  of  the  bath  in  order  to  let  out  any 
bubbles  and  get  only  the  densest  metal  in  the  pressure  chamber.     It 


Fir.  Ift.    TUtinr  Hold  Table  and  Xethod  of  Partinr  the  Hold 

was  thought  that  the  bad  effects  of  air,  or  the  oxygen  in  the  air,  would 
be  overcome  by  causing  it  to  travel  downward  and  then  across  the 
pressure  chamber  to  the  nozzle  F.  While  the  bad  features  of  air 
pressure  were  overcome  to  a  certain  extent,  they  could  not  be  entirely 
avoided  as  long  as  any  part  of  the  surface  of  the  metal  was  left  free 
to  be  attacked  by  the  oxygen  in  the  atmosphere.     Thus,  while  this 
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machine  will  make  quite  a  number  of  castings  before  the  metal  be- 
comes charged  with  oxygen,  it  is  still  only  a  question  of  time  when 
that  will  occur,  and  then  the  castings  will  be  weakened  and  probably 
spongy  and  porous.  An  automatically  operating  valve  was  placed  at 
V,  so  that  pressure  chamber  C  would  take  metal  in  as  fast  as  it  was 
injected  into  the  molds. 

Electrically  Heatlnff  the  Melting  Pot 

Another  type  of  melting  pot  is  shown  in  Fig.  13.    In  this  design  an 

ordinary  graphite  crucible  Is  surrounded  with  a  resistance  coil,  and 

placed  in  a  brick-lined  receptacle.    An  electric  current  is  then  turned 

on  to  heat  the  crucible  and  metal.    The  top  of  the  crucible  is  sealed. 
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16.    Toffffle-Joiat  Arruiffement  for  Purtinff  the  Xold  uid  DrAwiar 
it  away  from  the  Spout 


and  air  is  injected  through  pipe  Y  to  force  the  metal  up  through  the 
nozzle.  While  the  electric  heating  arrangement  is  a  good  feature,  the 
air  pressure  attacking  the  surface  of  the  molten  metal  makes  this  type  a 
complete  failure. 

Valves 

In  Pig.  14  are  shown  three  styles  of  valves  which  are  used  on  die- 
casting  machines.  The  one  to  the  right,  as  can  be  seen,  is  cone-shaped 
and  opens  and  closes  the  hole  W.  A  sectional  view  through  this  hole 
Is  shown  in  Fig.  7  where  the  valve  is  marked  G,  and  hole  W  represents 
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outlet  passage  F.  This  valve  is  kept  a  tight  fit  by  a  spring  located  at 
X.  It  is  easy  to  operate  by  connecting  it  to  some  of  the  other  levers 
on  the  machine.  The  valve  shown  in  the  center  of  the  illustration  is 
operated  automatically  by  chain  and  sprocket  wheels,  and  closes  its 
opening  by  turning  half-way  around.  The  bad  feature  of  this  valve  is 
the  large  amount  of  surface  which  the  molten  metal  comes  in  contact 
with,  thus  causing  the  valve  to  stick.  The  valve  shown  to  the  left  is 
much  more  simple  and  has  practically  no  wearing  surface,  it  being 
merely  a  wedge-shaped  block  that  is  forced  into  place  by  a  beveled  pro- 
jection on  a  frame.  This,  however,  can  not  be  used  in  all  places,  and 
though  its  design  is  doubtless  the  best,  its  use  is  limited  to  the  places 
where  it  can  be  operated. 

Opening  and  Closing  the  Molds 
The  methods  of  holding  the  die-molds  vary  with  the  different  styles 
of  machines,  and  a  large  part  of  this  variation  is  due  to  the  different 
constructions  previously  shown.    In  the  machines  that  eject  the  metal 


Tig,  17.    B&ok  and  Pinion  nsed  to  part  the  Xold  and  draw  it  away 
from  the  Spout 

through  the  top  of  the  bath,  platens  are  used  on  which  to  rest  the  mold, 
and  these  are  usually  fitted  with  tilting  arrangements  similar  to  the 
one  shown  in  Pig.  15.  In  this  machine,  nozzle  F  is  ball-shaped,  and 
socket  y  fits  down  over  It  when  the  table,  with  its  die-mold,  is  in 
position  for  casting.  The  platen  is  clamped  down  by  projection  Z 
fitting  under  a  piece  that  is  moved  by  the  upright  lever,  as  shown  by 
the  sketch  in  the  lower  left-hand  corner.  The  mold  is  divided  into  two 
parts.  One  part  is  fitted  to  a  plate  located  on  two  rods  that  are  bolted 
to  the  platen.  A  toggle-joint  is  then  used  to  pull  the  two  parts  of  the 
mold  apart,  so  that  the  casting  may  be  removed.  This  toggle-joint  is 
operated  by  the  lever  shown  in  the  Inclined  position,  and  as  will  be  seen. 
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arrangements  are  made  to  take  up  any  wear  that  might  occur  in  this 
joint.  The  mold  will  thus  be  a  perfectly  tight  fit  at  all  times.  This  la 
a  very  important  point  in  making  die^castings,  as  the  metal  is  squeezed 
into  the  mold  under  pressure,  and  if  the  Joint  were  not  a  tight  fit,  this 
metal  would  squeeze  out  through  the  sides. 

In  Fig.  16  is  shown  a  method  of  holding  the  mold  in  position  for 
casting  on  a  machine  that  takes  the  metal  out  through  the  side.    One 
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Fiff.  18.    Another  Method  of  Oponinr  and  Clotiar  the  Void 

toggle-joint  is  used  to  close  the  two  halves  of  the  mold,  while  a  second 
one  is  used  to  force  the  entire  mold  up  against  the  nozzle.  Why  the 
toggle-joint,  with  all  its  faults,  is  used  so  much  on  die-casting  ma- 
chines is  really  a  mystery,  and  yet  it  is  probably  due  to  the  fact  that 
the  first  machines  invented  were  equipped  with  toggle-joints,  and  con- 
sequently nearly  all  designers  followed  this  principle. 

In  Fig.  17  is  shown  a  rack  and  pinion  which  is  used  for  moving  the 
mold  away  from  the  nozzle  and  also  for  parting  it.     In  this  illustra- 
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tion,  lever  A  is  used  to  operate  the  pinion  which  pulls  the  mold  away 
from  the  spout.  Hook  B  is  then  droi^ed  down  over  the  mold  to  hold  It 
in  position,  while  hook  C  is  released  and  the  two  halves  of  the  mold 
are  pulled  apart  by  the  same  gear  and  rack.  In  pulling  the  mold  back, 
lever  D  is  tripped  and  opens  a  valve  that  allows  enough  metal  to 
flow  into  the  pressure  chamber  to  take  the  place  of  that  which  has  been 


Tig,  10.    Two  Formi  of  Spme^atters 

forced  Into  the  mold.  While  this  tripping  arrangement  is  good,  and 
the  gear,  rack  and  pinion  work  successfully,  the  rest  of  the  design  is 
very  crude,  and  it  would  mean  very  slow  work  in  making  castings. 
This  machine,  however,  has  not  been  commercially  operated,  and 
probably  would  not  be  without  considerable  re-designing.  One  of  its 
worst  features  is  the  teapot  form  of  pressure  chamber  with  its  air 
pressure.  In  Fig.  18  is  shown  still  another  method  of  opening  and 
closing  the  mold,  and  clamping  the  two  halves  together.  This  also  is 
crude  and  too  slow  in  its  operation. 
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Sprue- cutters  and  Injectors 

One  of  the  necessary  features  en  all  die-casting  machines  that  turn 
out  perfect  castings  is  the  sprue-cutter.  Two  forms  of  these  are  shown 
in  Fig.  19.  The  upper  one  is  simply  a  rod  that  is  pushed  through  the 
center  of  the  casting.  It  implies  that  the  casting  has  a  center  hole,  ana 
is  very  simple  to  oenstruct  and  operate.    If  this  hole  is  straight,  it  is 


m 
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Flf.  80.    Xoviof  Platen  to  out  off  the  Sprue 

immaterial  whether  it  be  round,  square  or  any  other  shape.  After  the 
mold  is  filled,  the  sprue-cutter  is  pushed  through  it  to  separate  the 
casting  from  the  metal  in  the  melting  pot. 

When  castings  have  no  center  hole,  the  sprue-cutter  can  be  placed 
at  the  end  of  the  casting,  as  shown  in  the  lower  view.    This  mechanism 


Fig.  21.     Caiting  Ejector 

makes  it  possible  to  stop  the  sprue-cutter  at  both  ends  of  Its  stroke, 
the  stops  being  adjustable  to  any  position.  The  lever  also  gives  the 
sprue-cutter,  which  must  be  a  tight  fit  in  the  hole  in  which  it  operates, 
a  straight  push. 

In  another  style  of  machine  the  sprue  is  cut   with   the  platen,  as 
shown  in  Fig.   20.     In  this,  a  piston   working  in   the   air  cylinder  E 
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pushes  platen  F  over  far  enough  for  outlet  passage  O  to  be  out  of 
alignment  with  the  sprue  hole  In  the  mold,  or  the  outlet  in  the  lower 
part  of  the  machine.  This  cuts  off  the  metal,  and  leaves  a  pocket  of 
metal  in  passage  O  which  will  equal  the  thickness  of  the  platen.  When 
it  is  held  long  enough  for  the  casting  to  freeze  in  the  mold,  the  metal 
In  this  passage  will  freeze  and  thus  put  the  machine  out  of  commis- 
sion. 

The  principle  of  using  air  to  operate  different  parts  of  die-casting 
machines,  such  as  pressure  levers,  sprue-cutters,  casting  ejectors,  etc., 


FIf .  28.    Vprifht  Maobine  for  lUkinr  Di<»-cuti]ifi 


Is  very  good;  but  considerable  care  in  designing  must  be  exercised  to 
insure  that  no  metal  will  be  trapped  in  any  part  of  the  machine,  and 
l)ecome  solid.  When  this  occurs  it  means  that  the  machine  must  be 
taken  apart  and  cleaned  before  it  can  be  further  operated. 

In  Fig.  21  is  shown  a  casting  ejector.  This  is  fastened  to  one-half 
ot  the  die-mold,  and  when  the  casting  is  complete  and  the  mold  open, 
the  lever  is  brought  down  so  that  the  small  rods  will  push  the  casting 
out  of  the  mold.  The  rods,  of  course,  can  be  placed  in  any  position 
desired,  made  of  any  size  or  shape,  and  are  a  very  simple  part  of  the 


Digitized  by  VjOOQ  IC 


18  No.  108— DIE  CASTING 

die-casting  machine.  The  casting  ejector  and  the  sprue-cutter  must 
occupy  positions  very  close  to  each  other,  and  the  levers  that  operate 
each  one  of  these  are  placed  in  easy  reach  of  the  operator. 

U^rigrht  Die-castingr  Machine 

In  Fig.-  22  is  shown  a  complete  upright  machine  that  differs  quite 
materially  from  the  others  shown.  In  this,  the  heating  chamber,  with 
its  melting  pot  and  pressure  chamber,  is  supported  on  a  cast-steel 
frame,  and  the  molds  are  held  directly  underneath  its  center.  The 
upper  half  A  of  the  mold  is  fastened  to  the  bottom  of  the  heating  cham- 
ber, and  the  lower  half  B  is  lowered  away  from  it  to  get  the  casting 
out.  The  lower  half  of  the  mold  rides  on  a  cast-iron  plate  C  which 
moves  up  and  down  on  rods  D.  Lever  E  raises  plate  C  with  its  half- 
mold,  by  means  of  the  toggle-joints  F, 

In  operating  the  machine,  the  two  halves  of  the  mold  are  brought 
together  tightly  by  pulling  lever  E  outward.  Lever  O  is  then  monred 
out  to  open  outlet  M  of  pressure  ch&mber  H,  so  that  the  metal  will 
enter  the  mold.  The  lever  /,  which  is  above  the  machine,  is  pulled 
down  to  force  plunger  J  downward,  and  thus  squeeze  the  metal  filling 
the  cylinder  or  pressure  chamber  H  into  the  mold.  Lever  K  is  then 
pulled  up  and  forces  the  sprueniutter  N  entirely  through  the  upper  half 
of  the  mold  A  and  into  the  nozzle.  Lever  O  is  now  pushed  in  to  close 
the  opening  from  pressure  chamber  ff,  sprue-cutter  N  pulled  out  with 
lever  K,  and  the  bottom  half  of  the  mold  lowered  by  pushing  in  lever 
E.  As  this  is  done,  small  plate  T  beneath  plate  C,  strikes  plate  C7, 
which  is  supported  from  the  base  of  the  machine,  and  this  causes  cast- 
ing-ejector L  to  push  the  casting  out  of  the  lower  half  of  the  mold. 
Hinged  pieces  8  hold  down  the  cover  of  the  melting  pot,  so  that  when 
the  two  half-molds  are  brought  together  they  will  not  raise  the  melting 
pot.  One  difficulty  encountered  with  this  type  of  machine  is  that  of 
keeping  outlet  M  free  from  molten  metal,  so  that  it  will  not  drop  on 
the  casting  and  spoil  it  when  the  mold  is  opened  for  its  removal.  By 
making  sprue-cutter  N  come  up  close  to  the  metal  cut-off  O,  this  can 
be  accomplished,  but  to  make  a  tight  fit  of  these  two  parts  and  keep  it 
tight  with  the  continued  movements  of  the  machine,  while  making  cast- 
ings, is  not  as  easy  as  It  looks.  A  very  small  drop  of  metal  will  often 
spoil  the  casting  that  is  being  made. 

Another  bad  feature  is  that  the  plunger  must  move  the  distance 
shown  by  P  before  it  forces  the  metal  into  the  mold.  While  moving 
this  distance  it  is  squirting  the  molten  metal  out  through  ports  R.  and 
thus  churning  up  the  metal  in  the  melting. pot.  This  metal  should  be 
kept  as  quiet  as  possible.  Another  bad  feature  is  that  four  levers  must 
be  moved  independently  for  each  casting  that  is  made,  and  this  makes 
the  operation  of  the  machine  rather  slow.  These  levers  should  be  con- 
nected in  such  a  way  that  the  pulling  of  the  two  levers  would  be  all 
that  is  required. 

A  machine  of  this  type,  however,  could  very  easily  be  belt-  or  motor- 
driven,  and  thus  make  Its  operation  a  boy's  work.  The  work  would 
consist  of  removing  the  castings  and  starting  and  stopping  the  machine. 
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It  could  also  very  easily  be  made  to  operate  automatically,  and  thus  do 
away  with  even  that  much  hand  labor.  The  upright  machine  appeals 
to  many  on  account  of  having  the  natural  phenomena  of  gravity  to 
assist  in  getting  the  metal  from  the  melting  pot  into  the  mold.  If  the 
liability  of  molten  metal  dripping  on  the  finished  casting  is  overcome, 
this  style  of  machine  is  very  handy  and  easy  to  operate. 

While  many  die<:asting  machines  are  made  for  belt  or  electric  drive 
and  semi-automatic  or  completely  automatic,  it  requires  an  enormous 
output  to  make  such  a  machine  a  paying  proposition,  for  by  gating  the 
castings  In  molds,  a  very  large  output  can  be  obtained  with  one  man's 
labor  on  a  hand-operated  machine,  but  where  thousands  of  pieces  are  to 
be  made  per  day,  the  automatic  machine  will  save  this  one  man's  labor, 
and  can  thus  be  made  to  pay. 

Alloys  for  Dle-castlnflrs 

Many  different  alloys  are  used  for  die-castings.  It  is  necessary  to 
have  an  alloy  with  a  fine,  close  grain  that  is  free  from  porosity  and  low 
in  shrinkage.  Castings  used  for  some  purposes  must  have  a  high  ten- 
sile strength  and  great  hardness,  and  these  can  only  be  obtained  at  \ 
sacrifice  of  ductility.  Castings  with  a  high  ductility  can  easily  be 
made,  but  the  tensile  strength  and  hardness  must  be  sacrificed.  This 
is  also  a  general  rule  that  applies  to  the  manufacture  and  production 
of  alloys  and  metals  for  all  other  purposes  as  well  as  die-castings. 

Zinc,  Un,  copper,  antimony,  lead,  aluminum,  nickel,  bismuth,  magnes- 
ium and  silver  have  been  compounded  in  many  different  percentages 
to  form  alloys  from  which  castings  for  a  variety  of  purposes  are  made. 
The  first  five,  namely,  zinc,  tin,  copper,  lead  and  antimony  are  thos<^ 
most  commonly  used.  Nearly  any  degree  of  strength,  hardness,  tough- 
ness, ductility,  etc.,  can  be  obtained  up  to  those  inherent  in  the  com- 
binations that  can  be  made.  As  yet,  no  one  has  marketed  castings  of 
the  yellow  metals  or  successfully  made  die-castings,  on  a  commercial 
scale,  from  alloys  or  metals  that  h<ive  a  melting  temperature  much  abonre 
1200  4egree8  F.,  or  that  have  a  strenght  equal  to  the  bronzes.  Con- 
siderable experimenting  has  been  done  and  success  is  nearer  than  it 
was  some  years  ago,  even  though  the  right  method  may  not  yet  have 
been  discovered. 

Aluminum  in  small  percentages  is  used  in  many  of  the  die-castings. 
It  acts  as  a  purifier  of  the  alloy,  and  causes  it  to  fiow  more  freely  in 
the  mold.  To  cast  pure  aluminium  in  die-molds  or  aluminium  alloyed 
with  small  percentages  of  zinc  or  copper,  or  both,  is  very  difficult. 
These  alloys  cannot  be  cast  at  all  in  very  thin  sections  or  with  very 
fine  detail  in  figured  work,  such  as  is  produced  in  art  castings.  The 
lighter  aluminum  magnesium  alloys  have  also  been  experimented  with, 
but  these  experiments  have  not  met  with  much  success  as  yet. 

Much  time  and  money  has  been  spent  by  the  different  die-casting 
firms  to  die-cast  manganese  bronze,  but  this  has  been  a  failure,  owing 
to  the  zinc  oxide  which  forms  on  its  surface  when  the  alloy  strikes  the 
colder  metal  from  which  the  die-mold  is  made.  It  is  very  doubtful  if 
this  feature  can  be  overcome.    One  of  the  great  difficulties  encountered 
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In  casting  metals  of  these  comparatively  high  melting  temperatures  is 
the  oxidization  that  the  casting  surface  of  the  steel  mold  undergoes 
when  its  temperature  is  raised  hy  the  molten  metal  coming  in  contact 
therewith.  This  causes  the  mold  to  alter  in  size  and  shape,  and  thus 
destroys  the  accuracy  of  the  castings.  As  this  is  an  expensive  way 
of  producing  castings,  it  is  only  by  making  them  accurate  as  regards 
size  and  shape,  and  thus  saving  all  machine  work,  that  they  can  be 
made  a  commercial  success.  When  this  is  done,  however,  the  saving 
.  effected  is  so  great  that  the  diensaating  machine  and  its  products  have 
become  a  necessity  in  manufacturing  many  parts  of  machines,  instru- 
ments, etc.,  in  the  modern  shop. 

Afidde  from  the  die-castings  made  for  bearings,  zinc  Is  the  principal 
metal  in  die-casting  alloys.  An  analysis  of  one  of  the  most  prominent 
makes  of  die-castings  for  use  where  no  great  strength  or  hardness  was 
required  shows  73.75  per  cent  of  zinc;  14.75  per  cent  of  tin;  5.25  per 
cent  of  copper,  and  6.25  per  cent  of  aluminum.  Another  prominent 
make  that  is  used  for  similar  purposes  showed  72.70  per  cent  of  zinc; 
19.00  per  cent  of  tin;  5.00  per  cent  of  copper;  2.00  per  cent  of  lead;  1.00 
per  cent  of  aluminum,  and  0.30  per  cent  of  antimony. 

A  die-casting  that  is  somewhat  harder  than  the  two  before  given 
shows  on  analysis  that  the  alloy  is  composed  of  73.80  per  cent  zinc; 
12.00  per  cent  tin;  10.60  per  cent  copper;  3.40  per  cent  aluminum,  and 
0.20  per  cent  iron,  the  iron  being  an  impurity.  Some  very  hard  die- 
castings  analyze  as  follows:  46.20  per  cent  zinc;  30.80  per  cent  tin;  20.40 
per  cent  copper;  and  2.60  per  cent  aluminum.  An  alloy  that  is  very 
high  in  zinc  contains  93.00  per  cent  of  zinc;  3.50  per  cent  tin;  2.00  per 
cent  copper;  1.50  per  cent  antimony,  and  0.40  per  cent  aluminum. 

[The  sum  of  the  percentages  is  100.40.  This  anomaly  is  explained 
by  the  fact  that  after  melting  93  pounds  zinc,  3.5  pounds  tin,  2  pounds 
copper,  and  1.5  pound  antimony,  6.5  ounces  of  aluminum  is  added  as  a 
deoxidizer.] 

Another  alloy  is  composed  of  90.00  per  cent  zinc,  6.00  per  cent  copper, 
1.00  per  cent  tin,  and  3.00  per  cent  aluminum. 

While  zinc  and  aluminum  in  certain  percentages  and  under  some 
conditions  might  make  good  die-castings,  the  aluminum  cannot  be  very 
high  or  the  alloy  shows  a  tendency  to  disintegrate.  An  alloy  composed 
of  50.00  per  cent  zinc  and  50.00  per  cent  aluminum  will  disintegrate  into 
a  granular  mass  inside  of  a  year.  Such  a  mixture,  even  though  possess- 
ing considerable  strength  at  the  time  of  casting,  would  very  soon  lose 
its  strength  and  crumble  up.  Some  of  the  die-castings  made  at  present 
disintegrate,  so  that  their  strength  is  greatly  weakened  in  the  course 
of  two  or  three  years.  This,  however,  is  due  to  improper  mixtures,  as 
they  can  easily  be  made  so  that  practically  no  disintegration  will  take 
place  at  all. 

Zinc  and  tin  mixtures  also  show  an  inclination  to  disintegrate,  and 
hence  some  other  material  has  to  be  alloyed  with  them  to  act  as  a 
binder.  They  are  also  inclined  to  be  very  brittle  unless  copper  is  added, 
and  the  molten  metal  thus  given  a  greater  ductility.  The  zinc  and  tin 
mixtures  that  contain  a  small  percentag:e  of  copper  are  good  for  wear- 
ing parts  and  also  for  plating  and  japanning. 
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Antimony  and  bismuth  have  frequently  been  used  In  combination 
with  lead  to  give  the  lead  a  greater  hardness.  Where  no  particular 
strength  is  desired,  such  an  alloy  can  be  used.  The  type  metals  that 
contain  approximately  83  per  cent  lead  and  17  per  cent  antimony 
have  been  cast  in  machines  using  steel  molds  for  a  number  of  decades. 
Practically  all  of  the  type  metals  such  as  standard,  electrotype,  linotype, 
etc,  are  easily  manufactured  by  die-casting.  These  contain  from  58  to  80 
per  cent  lead,  from  4  to  25  per  cent  antimony,  and  from  3  to  15  per  cent 
tin.  This  gives  a  metal  that  is  fairly  hard  and  has  considerable  weight, 
but  it  is  comparatively  weak. 

Alloys  with  high  percentages  of  zinc,  and  a  comparatively  high  cop- 
per content  are  very  brittle,  with  little  ductility  and  strength,  while  an 
alloy  that  is  high  in  zinc  and  low  in  copper,  i.  e^  containing  90  to  92 
per  cent  zinc  and  8  to  10  per  cent  copper,  ehows  a  good  resiliency  and 
strength  but  no  ductility. 

Tin  alloyed  with  lead  and  zinc  casts  freely  and  clean,  and  hence  can 
be  made  to  fill  delicate  parts  of  a  mold.  The  zinc  in  die-castings  usually 
runs  from  70  to  90  per  cent;  the  tin  from  5  to  30  per  cent;  the  copper 
from  2  to  20  per  cent;  the  antimony  from  1  to  5  per  cent;  and  aluminum 
as  high  as  6  per  cent  has  been  used.  While  other  metals  have  been 
used  for  making  alloys  for  special  castings,  the  ordinary  casting  can  be 
produced  from  alloys  made  from  these  metals. 
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AUTOMATIC  DIB-CASTINQ  MACHINES 

Nearly  all  die-casting  machines  in  use  at  the  present  time  are  operated 
by  hand,  that  is,  a  number  of  levers  are  pulled  back  and  forth  to  per- 
form the  different  operations  of  closing  the  mold,  moving  the  plunger 
to  force  the  metal  into  the  mold,  cutting  off  the  sprue,  opening  the 
mold,  and  ejecting  the  castings.  Nearly  all  of  these  machines  require 
two  men  to  operate  them,  and  in  some  cases  it  requires  five  men  to 
operate  two  machines.  With  these  hand-operated  machines  a  large 
quantity  of  castings  can  be  manufactured  in  a  day,  and  many  have  not 
considered  it  necessary  to  design  and  build  more  expensive  machines. 
Some  manufacturers,  however,  have  built  completely  automatic  ma- 
chines for  their  own  use,  in  order  to  save  the  labor  cost  of  the  hand- 
operated  machines.  These  automatic  machines  are  very  successful,  and 
are  producing  die-castings  at  a  very  low  cost. 

Automatic  machines  for  casting  type  have  been  in  use  for  more  than 
sixty  years,  and  these  are,  in  reality,  die-casting  machines,  although 
only  used  for  the  particular  purpose  of  manuacturing  type.  Like  all 
other  die-casting  machines,  the  automatics  were  devised  from  ideas  and 
principles  adopted  in  the  type-casting  machines,  and  are,  in  fact,  largely 
improvements  of  these.  The  first  attempt  at  applying  such  machines 
to  the  manufacture  of  castings,  other  than  type,  is  shown  in  Figs.  25 
and  26.  This  machine  was  patented  by  M.  Dimock  in  1873  .for  the  manu- 
facture of  sewing  machine  bobbins.  By  turning  crank  F,  all  movements 
were  produced  that  were  necessary  for  the  casting  of  a  bobbin  and 
throwing  it  out  of  the  machine.  By  putting  a  pulley  in  place  of  the 
crank,  it  could  be  belt-driven  and  thus  made  completely  automatic.  In 
this  machine,  A  is  the  furnace  and  B  the  melting  pot  located  over  the 
furnace,  in  which  the  metal  is  melted  and  held,  ready  for  casting;  C 
is  the  upper  end  of  the  pump  or  plunger  that  forces  the  metal  into  the 
mold.  This  plunger  is  raised  and  lowered  by  levers  Z),  which  in  turn 
are  moved  by  cam  E  located  on  the  driving  shaft,  which  passes  through 
the  machine  from  crank  F  to  the  flywheel  G.  The  mold  ana  the  appa- 
ratus for  opening  and  closing  it  and  ejecting  the  casting  are  located  on 
a  framework  just  above  this  shaft.  The  die-mold  receives  its  metal 
from  a  nozzle  in  the  side  of  the  melting  pot. 

The  cross-section  of  the  die-mold,  with  shank  H  en  which  it  is 
pivoted,  is  shown  enlarged  in  Fig.  27;  the  bobbin  which  is  cast  in  it  is 
shown  above  the  mold.  Shank  H  fits  into  cross-head  /.  and  is,  by  means 
of  this  cross-head,  pulled  back  from  the  spout  so  that  it  can  k>e  opened. 
The  two  halves  of  mold  M  are  opened  like  an  alligator's  jaw  by  turning 
bar  J,  which  is  long  enough  for  this  purpose  and  is  located  on  the  end  of 
shaft  U  that  passes  through  shank  H  and  carriage  /.  The  cast  bobbin 
is  then  thrown  out  and  the  mold  closed,  ready  for  another  casting.    The 
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cross-head  and  mold  are  moved  back  and  forth  by  lever  K,  one  end  of 
which  is  pivoted  to  the  frame  at  the  bottom  of  the  machine,  while  the 
other  end  works  in  a  slot  in  the  cross-head.     Lever  A'  is  operated  by 


Fig.  26.     Side  View  and  End  Elevation  of  Firit  Automatic 
Die-casting  Machine 

cam  L  which  Is  located  at  the  center  of  the  main  shaft  When  mold  M 
is  moved  up  to  the  nozzle  of  the  machine,  the  tapered  end  at  V  enters 
a  socket,  thus  holding  the  mold  firmly  closed.     As  soon  as  the  mold 
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assumes  tills  position,  a  cam  located  on  the  main  shaft  at  N  operates 
hinged  lever  O.  and  this,  In  turn,  moves  lever  P,  which  opens  a  valve 
that  allows  the  molten  metal  to  be  injected  into  the  die-mold.    This 


MaoMiunr 


Fig.  86. 


Plan  View  and  Bide  EleTation  of  Firit  Automatio 
Die>oaiting  Machine 


valve  operates  in  practically  the  same  manner  as  valve  T  in  Fig,  28 
and  valve  L  in  Fig.  24,  to  be  described  later.  In  the  meantime,  plunger 
C  has  been  raised  to  the  top  and  as  soon  as  the  metal  cut-off  valve 
opens,  the  plunger  is  forced  down  and  fills  the  mold  with  metal. 
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WlUle  this  machine  was  simple  in  design,  it  worked  fairly  well»  and 
many  castings  were  made  with  it.  The  springs  which  gave  the  levera 
their  return  motion,  however,  were  not  positive  enough,  and  on  later 
machines  cams  were  added  for  this  work.  A  sprue-cutter,  such  as  is 
now  used,  was  not  provided,  and  hence  the  sprue  had  to  be  broken  off 
from  each  casting.  These  were  about  the  only  faults  that  could  be 
found,  and  the  principles  here  adopted  were  developed  to  a  point  that 
enabled  automatic  die-casting  machines  to  cast  pieces  very  intricate  in 
shape.  Movements  were  devised  for  pulling  out  pins,  located  In  the 
die-molds,  as  well  as  other  loose  pieces  that  might  form  any  size  or 
shape  of  hole  in  the  casting. 

In  1902.  Mr.  C.  H.  Veeder  patented  the  machine  shown  in  Fig.  28. 
On  this  he  was  granted  patents  on  nineteen  combinations  claims,  but  It 
will  be  seen  that  although  the  machine  is  greatly  improved  in  its  de- 
sign, the  basic  principles  on  which  it  operates  are  practically  the  same 
as  those  of  the  machine  patented  in  1875.  The  furnace  is  located  at  A, 
the  melting  pot  at  B,  and  the  upper  end  of  the  plunger  at  C,  as  in  the 
former  machine.  Lever  D  is  operated  by  cam  E  and  moves  rod  Q  and 
lever  J?,  which  latter  causes  plunger  8  to  travel  up  and  down  and  squirt 
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Fif.  87.  Die-mold  and  the  Bobbin  OMt 
the  molten  metal  into  the  die-mold.  Another  cam  moves  pivoted  lever 
0.  which  is  connected  with  the  valve  rod,  and  opens  and  closes  valve 
T  in  identically  the  same  manner  as  did  the  earlier  machine;  in  fact, 
the  shape  of  lever  0  is  ajmost  the  same.  This,  however,  is  a  design 
that  has  been  successfully  used  for  years  on  type-casting  machines  and 
is  difficult  to  improve  upon. 

The  manner  of  parting  the  mold  to  remove  the  casting  is  altogether 
difTerent.  Instead  of  opening  it  like  an  alligator's  jaw,  as  in  the 
earlier  type  of  machine,  a  part  of  the  mold  is  moved  back,  away  from 
the  machine,  and  the  casting  is  thus  allowed  to  fall  out.  The  mechan- 
ism that  opens  and  closes  the  mold  is  not  shown  in  Fig.  28,  but  it  is 
done  with  a  very  similar  supporting  frame  and  cross-head  to  that  which 
draws  the  mold  away  from  the  nozzle  in  the  Dimock  machine  in  Figs. 
25  and  26;  but  instead  of  using  rod  U  to  turn  bar  J  and  thus  open  the 
mold,  as  in  the  Dimock  machine,  rod  U  is  used  to  form  a  core  in  the 
casting  and  after  the  casting  has  been  made,  rod  U  is  pulled  back  to  free 
the  casting  from  the  mold.  This  machine  has  been  used  for  several 
years,  but  has  also  been  improved  upon.  It  has  been  made  entirely 
automatic  by  putting  a  pulley  in  place  of  the  crank  wheel. 

While  in  most  automatic  machines  cams  have  been  used  to  control 
nearly  all  of  the  movements,  in  others  springs  and  gears  have  been 
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used  in  combination  with  cams.  Such  a  machine  is  shown  in  Fig.  23. 
In  this  a  cam  E  is  used  to  control  the  motion  of  the  pump  plunger  and 
a  large  spring  is  used  to  hold  the  lever  against  this  cam.  The  mold 
is  moved  up  to  the  spout  and  away  from  it  by  a  crank  on  the  end  of 
the  shaft  that  holds  the  cam.  This  shaft  is  driven  by  a  gear  N  that 
meshes  with  a  pinion  L  driven  by  a  worm-wheel  K  and  worm  /;  the 
worm,  in  turn,  is  driven  by  a  pulley  F  and  belt.  A  stationary  cam  is 
used  to  control  the  motion  of  a  knife  which  cuts  off  the  sprues  and  a 
brush  that  brushes  off  the  knife.  With  the  exception  of  the  spring  for 
holding  the  lever  that  operates  the  plunger  against  the  cam,  this 
machine  works  successfully.  A  spring  in  this  location  is  liable  to  fail, 
owing  to  the  plunger's  sticking  in  the  cylinder,  due  to  dross  in  the  mol- 
ten metal;  no  metal  would  then  be  forced  into  the  mold. 

This  machine  was  especially  designed  for  casting  electric  storage 
battery  grids,  but  can  well  be  used  for  making  many  shapes  of  castings 
for  machine  parts.  These  grids  are  thin  strips  of  metal,  crossing  each 
other  at  right  angles,  the  strips  being  Joined  together  at  each  intersec- 
tion; they  thus  contain  a  number  of  square  openings,  and  resemble  wire 
netting,  except  that  the  strips  are  not  round.  As  in  the  other  die-cast- 
ing machines,  A  is  the  furnace.  B  the  melting  pot  over  the  furnace,  C 
the  plunger  rod,  and  D  the  lever  that  operates  the  plunger.  A  roller 
attached  to  lever  D  rides  on  cam  E,  to  guide  the  up  and  down  motion 
of  plunger  O;  spring  /  holds  lever  D  against  cam  E.  It  would  doubtless 
be  better  to  use  another  cam  to  perform  the  work  of  this  spring  and 
thus  make  the  upward  motion  of  the  plunger  as  positive  as  is  the  down- 
ward motion.  Cam  E  is  so  shaped  and  timed  in  its  motion  as  to 
cause  the  plunger  O  to  move  down  only  when  the  mold  is  closed  tightly 
against  the  nozzle  and  ready  to  receive  the  metal.  To  reduce  the  air 
pressure  in  the  mold  against  the  action  of  the  plunger,  so  that  all  parts 
are  filled  with  the  incoming  metal,  an  air  pipe  Y,  with  pump,  is  often 
connected  to  the  mold.  This  automatically  pumps  out  the  air  and 
creates  a  vacuum  in  the  cavity  of  the  mold  that  shapes  the  casting, 
just  before  the  molten  metal  is  injected  into  it  by  the  plunger. 

The  mold  is  operated  by  a  mechanism  that  is  as  simple,  positive  and 
handy  as  that  of  any  die-casting  machine  made.  Mold  M  is  located 
on  rocker  arm  H,  which  is  connected  by  rod  P  and  spring  Q  to  crank  R. 
Thus,  while  cam  E  is  controlling  the  operation  of  plunger  O,  crank  R 
is  controlling  the  movements  of  the  mold.  Mold  M  Is  thus  brought  up 
to  the  nozzel  and  held  there  while  plunger  O  descends  and  squirts  the 
metal  into  it.  Plunger  O  is  then  raised  for  another  stroke,  while  mold 
M  is  rocking  back  away  from  the  nozzle.  For  the  grid  casting  made  in 
this  machine  many  gates  are  used,  and  while  the  rocker  is  carrying  the 
mold  back  to  the  end  of  its  stroke,  knife  8  travels  across  the  face  of  the 
mold  and  cuts  off  the  sprues.  A  brush  then  travels  across  the  face  of 
knife  8  and  brushes  off  any  chips  that  may  have  accumulated.  These 
motions  are  controlled  by  cam  C7,  which  is  bolted  to  the  side  of  the 
frame. 

On  many  kinds  of  castings  for  machines  or  instruments,  the  shape  is 
such  that  this  knife  and  brush  could  not  be  used  for  the  sprue  cutter. 


Digitized  by  VjOOQ  IC 


30  No,  108— DIE  CASTING 

but  it  is  easy  to  take  off  this  mechanism  and  attach  others  that  would 
perform  the  necessary  operations,  and  which  might  be  even  simpler 
in  design.  The  distance  through  which  rocker  arm  H  travels  can  be 
adjusted  by  shortening  or  lengthening  rod  P  by  the  nuts  provided.  The 
mold  can  thus  always  be  kept  tightly  against  the  nozzle,  and  also  go 
back  far  enough  to  eject  any  casting.  When  rocker  arm  H  reaches  the 
end  of  its  backward  stroke,  arm  V  strikes  block  W  and  this  operates 
the  mechanism  that  ejects  the  casting  from  the  mold.  To  insure  no 
jar,  flat  spring  X  is  provided  for  rocker  arm  H  to  strike  against. 

One  of  the  most  complete  automatic  die-casting  machines  built  is 
shown  in  Fig.  24.  This  machine  was  patented  by  Mr.  C.  H.  Veeder 
and  is  a  vast  improvement  on  the  machine  shown  in  Fig.  28.  It  is 
supplied  with  two  melting  pots  and  is  completely  automatic.  All  that 
the  attendant  has  to  do  is  to  keep  the  secondary  melting  pot  filled  with 
metal  and  carry  away  the  finished  castings.  With  each  casting  that  is 
made,  the  metal  lowers  in  the  melting  pot  and  the  secondary  melting 
pot  is  used  for  the  purpose  of  keeping  the  primary  melting  pot  filled. 
In  this  machine  the  air  is  exhausted  from  the  mold  with  an  air  pump 
before  forcing  the  metal  into  it,  thus  insuring  the  filling  of  every 
crevice.  The  machine  differs  from  nearly  all  other  types  in  that  it  has 
provision  for  a  powerful,  positive  pressure  for  forcing  the  metal  into 
the  mold,  in  addition  to  the  vacuum.  Thus,  the  formation  of  gas  bubbles 
or  air  pockets  in  the  cavity  that  forms  the  castings  is  overcome  and 
deformed  castings  are  not  produced.  The  percentage  of  bad  castings  has, 
therefore,  been  reduced  to  a  minimum. 

In  this  machine  also,  A  is  the  furnace;  B  the  melting  pots;  C  the 
plunger;  D  the  lever  that  moves  the  plunger  up  and  down;  E  the  cam 
that  causes  the  movements  of  this  lever;  F  the  pulley  that  drives  the 
machines;  H  the  carriage  that  holds  and  operates  the  mold;  and  M 
the  mold. 

A  single  shaft  J,  driven  by  pulley  F,  controls  all  the  movements. 
Cams  are  located  on  the  central  portion  of  this  shaft  and  cranks  on  the 
two  ends  to  give  the  machine  all  of  its  movements.  No  gears  are  used. 
A  double-action  valve  is  used  to  control  the  injection  of  the  metal  into 
the  mold,  and  to  cut  off  the  sprue.  This  valve  is  shown  at  L.  Before 
plunger  C  starts  moving  downward,  arm  A'  is  moved  away  from  valve 
L  and  the  fiow  of  metal  due  to  the  downward  motion  of  plunger  C 
causes  valve  L  to  move  to  the  left  and  close  the  opening  between  the 
passage  in  which  this  valve  is  located  and  the  melting  pot.  Thus,  all 
of  the  pressure  exerted  by  the  plunger  Is  used  to  force  the  molten 
metal  from  this  valve  chamber  into  the  mold.  When  the  die-mold  has 
been  filled,  arm  'N  pushes  against  valve  L  and  causes  it  to  close  up  the 
nozzle  opening  through  which  the  metal  fiows  into  the  die-mold,  and,  at 
the  same  time,  valve  L  cuts  off  the  sprue  of  the  casting.  Ann  2f  is 
moved  by  lever  0,  which,  in  turn,  derives  its  motion  from  cam  P. 

Carriage  H,  which  holds  the  mold  and  controls  its  movements,  is 
operated  by  a  series  of  levers  that  are  moved  by  two  cams.  Lever  Q, 
with  its  connection  levers,  is  moved  by  cam  R,  and  this  pulls  carriage 
H  to  the  right  to  open  the  die-mold  as  shown  in  the  lower  left-hand 
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view  of  Fig.  24.  By  the  action  of  cam  R,  lever  Q  afterwards  moives 
carriage  H  to  the  left,  thus  closing  the  mold  and  holding  it  tightly 
against  the  nozzle  while  it  is  being  filled  with  the  casting  metal.  Spring 
/  holds  the  roller  of  lever  Q  against  cam  R,  This  is  a  weak  point  of 
the  machine,  as  the  pressure  that  forces  the  molten  metal  into  the  mold 
is  exerted  against  this  spring,  unless  a  locking  device  is  attached  to 
the  mold,  and  this  requires  additional  mechanism.  Another  cam  could 
more  easily  be  used  to  close  the  mold  and  hold  it  against  the  pressure 
of  plunger  C.  While  the  mold  is  opening,  bar  S  is  moving  to  the  left 
through  carriage  H  to  eject  the  casting  from  the  mold.  The  movement 
of  bar  8  is  controlled  by  a  series  of  levers  moved  by  cam  T.  While  the 
mold  is  closed,  vacuum  tanks  U  are  automatically  connected  with  it 
and  draw  out  all  of  the  air.  A  vacuum  is  constantly  maintained  in 
these  tanks  by  an  air  pump. 

With  all  of  these  movements  properly  timed,  die  castings  are  made 
as  fast  as  the  metal  will  solidify,  and  can  be  ejected  from  the  mold 
without  deforming  the  castings.  Most  die-casting  machines  do  not 
apply  much  pressure  to  the  plunger,  but  depend  on  the  suction 
created  by  the  vacuum  to  draw  the  metal  into  the  mold.  This  does 
not  produce  castings  with  as  fine  and  dense  a  grain  as  when  a  high 
pressure  is  applied,  and  they  are  more  liable  to  have  porous  and  spongy 
places.  The  high  pressure,  combined  with  the  vacuum  in  the  mold, 
also  makes  the  casting  correspona  exactly  to  the  contour  of  the  cavity 
cut  in  the  mold.  One  die-mold  can  be  taken  out  and  another,  for  a 
different  casting,  inserted  in  its  place  with  very  little  labor.  Thus  the 
machine  can  be  made  to  operate  on  several  kinds  of  castings  in  a  day*s 
run. 

These  and  other  reasons  make  it  one  of  the  most  economical  machines 
built,  as  the  cost  of  the  castings  has  been  reduced  to  little  more  than 
the  cost  of  the  metals  for  making  the  alloys,  the  gas  that  keeps  the 
metal  molten,  interest  on  original  investment,  and  the  expense  neces- 
sary to  keep  the  machine  in  repair.  Automatic  type-casting  machines 
cast  one  type  at  a  time,  at  the  rate  of  240  per  minute.  This  speed  is 
largely  due  to  the  fact  that  cold  water  is  forced  through  a  water-jacket 
that  surrounds  the  type  cavity  in  the  mold;  as  many  as  240  per  hour 
would  be  a  high  figure  for  die-castings  for  machine  or  instrument  parts, 
as  these  are  nearly  always  more  intricate  in  design  and  have  a  larger 
volume  of  metal  to  be  cooled.  Many  times,  however,  more  than  one 
casting  can  be  made  in  a  mold.  When  the  mold  is  water-jacketed,  and 
the  machine  completely  automatic,  the  output  of  perfect  castings  will 
be  many  times  that  of  hand-operated  machines,  and  at  a  very  low 
Itfbor  cost 

The  formation  of  coarse  crystals  is  an  inherent  trait  of  all  metals 
when  they  are  slowly  cooled  from  the  liquid  state.  This  coarse  crystal- 
lization is  more  pronounced  in  some  metals  than  in  others,  and  the 
allojrs  from  which  die-castings  are  made  are  composed  of  the  metals 
that  form  the  coarsest  crystals,  when  so  cooled.  The  most  notable 
example  of  this  crystalline  formation  is  antimony,  while  zinc  is  another 
metal  that  has  a  very  flaky  crystalline  structure.     This  formation  of 
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coarse  crystals  can  be  overcome  to  a  large  extent  if  the  metals  are 
chilled  and  suddenly  solidified  from  the  molten  state,  when  casting 
them  into  shape.  This  is  done  in  the  machine  shown  in  Fig.  24,  by 
circulating  a  stream  of  cold  water  through  a  water  jacket  formed 
around  the  cavity  in  the  mold  that  forms  the  casting.  While  the 
vacuum  created  in  the  cavity  of  the  mold  and  the  pressure  used  to  force 
the  metal  in  have  a  tendency  to  reduce  the  coarse  grain  and  crystalliza- 
tion, the  rapid  cooling  and  solidification  that  is  caused  by  the  current  of 
cold  water  still  further  aids  in  refining  the  grain. 

The  action  is  similar  to  that  which  takes  place  when  hardening  steeL 
In  this  case,  the  grain  is  refined  by  heating  cold  metal  to  the  desired 
temperature,  and  the  fine  grain  is  retained  by  instantly  quenching 
in  a  liquid,  and  thus  suddenly  cooling  tne  metal.  If  it  were  allowed 
to  cool  slowly,  the  grain  crystals  would  return  to  the  coarse  size  of  the 
unheated  steel;  or  if  heated  to  too  high  a  temperature,  a  coarse  grain 
would  be  formed  that  could  only  be  refined  by  the  pressure  or  hammer- 
ing applied  during  forging  operations.  In  the  die-casting  alloys,  this 
fine  grain  is  produced  by  melting,  and  the  quicker  it  can  be  cooled  down 
from  the  molten  state,  the  finer  will  be  the  grain  of  the  metal  in  the 
castings.  It  is  not  a  difficult  matter  to  surround  the  casting  cavity  in 
all  die-molds  with  a  water-jacket.  This,  of  course,  will  not  only  give 
the  metal  a  more  dense,  homogeneous  grain,  but  will  also  solidify  the 
castings  much  more  quickly  and  enable  many  more  castings  to  be  made 
per  hour  than  can  be  made  in  a  machine  where  the  mold  is  not  water- 
jacketed. 
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CHAPTER  III 


MODERN  HAND-OPBRATBD  DIB-OASTING  MACHINE 

In  the  present  chapter  a  simple  method  for  making  die-castings  is 
explained,  and  one  of  the  best  machines  for  casting  white  metal,  or  for 
making  "pressure  castings."  as  they  are  often  called,  is  described.  The 
accompanying  illustration.  Fig.  29,  shows  cross-sectional  elevations  of 
the  machine,  which  is  one  of  the  latest  designs  of  die-casting  machines 
in  practical  use.  No  skill  is  required  to  operate  it;  an  ordinary  laborer 
can  learn  how  to  do  it  in  a  very  satisfactory  way  in  a  short  time. 
When  the  dies  are  small  and  there  are  only  two  or  three  levers  to  bo 
handled,  one  man  can  operate  the  machine  advantageously.  But  when 
larger  dies  are  used  and  a  number  of  levers  must  l>e  handled,  it  is 
more  economical  to  employ  two  men  at  the  machine.  It  is  important, 
however,  that  only  one  man  control  the  injection  of  the  metal  into  the 
dies.  This  is  a  very  essential  point,  because  two  men  cannot  produce 
exactly  the  same  results  for  every  pouring.  Uniformity  in  the  control 
of  the  injection  of  the  metal  is  one  of  the  basic  points  in  white  metal 
die-casting. 

In  designing  a  die-casting  machine,  it  is  necessary  to  so  arrange  it 
that  the  metal  will  be  haiidled  as  little  as  possible,  as  otherwise  part  of 
the  metal  would  oxidize  and  be  wasted.  The  molten  metal  should  be 
covered  so  that  the  air  will  not  strike  it  more  than  is  absolutely  neces- 
sary. In  the  machine  shown  in  the  accompanying  illustration,  the 
metal  comes  into  contact  with  the  air  only  at  the  nozzle,  where  it  is 
injected  into  the  die.  It  may  be  argued  that  this  would  have  a  detri- 
mental effect  on  the  casting,  but  experience  has  shown  that  it  does  not; 
the  reason  for  this  is  that  the  surface  which  comes  in  contact  with  the 
air  is  so  small  in  comparison  to  the  amount  of  metal  that  is  pressed 
out  each  time,  that  the  few  seconds  during  which  the  air  comes  into 
contact  with  the  surface  is  not  enough  to  have  any  serious  effect.  This 
is  particularly  true  in  the  case  of  large  castings.  In  the  case  of  small 
castings  the  metal  is  poured  so  much  oftener  that  the  surface  of  the 
metal  at  the  nozzle  is  not  in  contact  with  the  air  long  enough  to  injure 
the  casting. 

The  design  of  the  die-casting  machine  is.  briefly,  as  follows:  In  the 
accompanying  illustration  A  is  a  gas  furnace  made  by  the  American 
Gas  Furnace  Co.,  this  furnace  being  one  of  the  standard  sizes.  At  E 
are  shown  the  gas  burners,  four  being  placed  on  each  side  of  the  fur- 
nace. The  metal  is  melted  in  the  pot  B.  and  the  gas  burners  can  be 
BO  controlled  tnat  the  heat  can  be  directed  toward  any  part  of  the 
melting  pot.  This  pot  is  made  of  cast  iron,  and  it  can  be  replaced  by 
one  of  the  standard  sizes  made  by  the  Americah  Gas  Furnace  Co.,  at 
very  little  cost,  when  burnt  out.    The  life  of  the  pot  depends  upon  the 


Digitized  by  VjOOQ  IC 


^4 


No.  108— DIE  CASTING 


Digitized  by ' 


joogle 


DIE    CASTING    MACHINES  35 

metal  used  for  making  the  die-castings.  If  the  metal  requires  a  high 
degree  of  heat  for  melting,  the  receptacle  naturally  will  not  last  so  long 
as  when  less  heat  is  required. 

At  C  is  shown  the  part  forming  the  nozzle  which  is  connected  to  a 
cylinder  in  which  the  metal  is  compressed  by  means  of  the  plunger  D, 
When  the  plunger  descends,  the  metal  is  pressed  or  pushed  out  through 
the  nozzle  C,  which  is  tubenshaped  as  shown  in  the  illustration.  At  F 
is  shown  a  connecting-rod  which  is  operated  by  means  of  the  handle  O 
having  its  fulcrum  at  H,  A  dog  or  trip  J7„  fastened  to  the  connecting- 
roQ  F,  operates  the  lever  /  which.  In  tuim,  moves  the  lever  J,  both 
of  these  levers  being  mounted  on  bracket  K.  The  lever  J,  in  turn, 
operates  the  handle  L,  To  the  handle  L  is  attached  a  rod  M,  called  a 
"sprue  cutter."  The  part  V  acts  as  a  stop  for  the  motion  of  lever  L, 
tais  motion  being  limited  between  the  points  X.  The  stop  V  swings 
out  of  the  way  for  lever  I#,  when  the  core  is  being  pushed  out  of  the 
casting. 

The  dies  are  fastened  between  the  plates  N  and  O.  The  plate  O  is 
hinged  at  P,  and  the  shaft  passing  through  the  lever  at  P  is  squared 
on  the  end  as  shown,  so  that  a  handle  may  be  put  on  the  shaft.  In  this 
way  plate  O  can  be  swung  away  from  the  nozzle,  thus  allowing  the  die 
to  swing  away  from  the  furnace  through  an  angle  of  about  45  degrees. 
This  uncovers  nozzle  (7,  permitting  the  pushing  out  of  the  so-called 
"core/*  which  is  formed  at  every  pouring.  It  is  advisable  to  have  the 
core  as  small  as  possible,  but,  of  course,  the  size  of  the  core  depends 
very  largely  on  the  size  of  the  casting.  When  the  die-plates  are  swung 
away  from  the  nozzle,  the  operator  chills  the  core  by  means  of  com- 
pressed air  blown  through  a  rubber  tube,  and  when  this  is  done  the  core 
is  forced  out  by  a  forward  push  of  the  handle  L,  which  at  that  moment 
operates  the  sprue  cutter  M.  This  action  releases  the  core  which  is 
slightly  tapered  in  order  that  it  may  be  easily  removed. 

The  next  operation  is  to  separate  the  two  plates  O  and  N,  thus  open- 
ing the  die,  one-half  of  which  is  held  on  the  plate  N  and  the  other  on 
the  plate  O.  The  die-plates  N  and  O  are  separated  by  operating  a 
handle  placed  on  shaft  R,  which  through  a  set  of  connecting  links  and 
the  arm  8  separates  the  two  plates.  At  Y  adjustment  is  provided  for 
setting  the  two  plates  properly  for  any  size  of  die.  The  top  of  Ihe 
furnace  is  covered  by  a  sheet-iron  lid  Z.  lined  with  asbestos.  This 
cover  is  left  on  all  the  time  when  the  heat  is  on  or  when  the  metal 
is  melted,  so  as  to  prevent  the  latter  from  coming  in.  contact  with 
the  air. 

At  T  is  a  slot  in  the  pressure  cylinder  through  which  the  metal  runs 
into  the  cylinder  before  being  pressed  into  the  die.  The  screw  U  serves 
the  purpose  of  adjusting  the  nozzle,  so  as  to  get  it  perfectly  tight  This 
is  an  important  factor,  as  is  also  the  cleaning  of  the  nozzle,  which 
should  be  done  by  the  operator  after  every  pouring.  This  takes  but  a 
moment's  time  and  makes  it  possible  to  obtain  good  results.  Many 
times  the  neglect  of  this  precaution  has  made  it  difficult  to  obtain 
good  castinga 
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When  the  die  is  open,  ready  to  eject  the  casting,  the  operator  takes 
the  air  hose  and  chills  off  the  casting  for  a  moment  Then  he  grasps 
the  handle  connected  to  the  ejecting  pins  in  the  die,  and  puts  one  hand 
under  the  edge  of  the  die,  when  a  push  of  the  handle  makes  the  piece 
or  pieces  fall  into  the  hand  of  the  operator.  The  air  hose  is  again  used 
for  cleaning  the  die.  The  reason  for  this  is  that  after  every  pouring 
there  is,  due  to  the  pressure,  a  small  fin  formed  on  the  face  of  the  die, 
and  this  must  be  removed  before  casting  another  piece.  Blowing  th£ 
air  oyer  the  face  of  the  die  removes  it  easily.  After  the  die  is  cleaned 
and  again  closed,  plate  O  is  closed  down  over  the  nozzle  and  everything 
is  ready  for  the  next  pouring.  All  the  operations  described  require 
but  a  part  of  a  minute,  especially  when  the  machine  and  dies  are  small 
and  light  When  a  larger  machine  and  larger  dies  are  used,  the  work 
cannot  be  done  so  rapidly,  but  will  be  in  proportion  to  the  size  and  de- 
sign of  the  pieces  to  be  cast 

Many  experiments  have  been  made  to  obtain  a  strong  and  durable 
metal  for  die-castings.  When  making  small  parts  for  machines  which 
require  high  tensile  strength,  great  care  must  be  exercised  to  obtain 
a  strong  metal  and  one  that  flows  easily,  because  when  the  metal  flows 
easily  it  is  possible  to  obtain  a  solid  casting.  The  mixing  of  the  metal 
must  be  done  in  a  careful  manner,  because  white  metal  is  very  treach- 
erous, and  carelessness  at  this  time  makes  it  difficult  to  obtain  good 
castings.  The  metal  must  be  carefully  handled,  and  care  taken  to  see 
tnat  it  is  not  too  hot  when  casting.  If  it  is  too  hot,  the  operator  will 
have  difficulty  in  obtaining  good  sound  castings. 

The  dies  should  be  heated  slightly  before  beginning  the  casting.  This 
Is  done  by  closing  the  die  and  also  closing  the  plate  O  lightly  against 
the  nozzle  while  the  metal  is  melting.  The  die  will  then  be  of  the 
right  temperature  for  starting  the  work  when  the  metal  is  melted, 
care  should  also  be  taken  to  keep  an  even  heat  in  the  furnace,  so  that 
the  temperature  of  the  metal  is  the  proper  one  for  obtaining  solid 
castings.  This  can  be  done  only  by  a  man  experienced  in  white-metal 
casting.  The  metal  should  not  be  put  into  the  pot  in  "pigs,"  as  this 
chills  the  melted  metal  in  the  pot  and  causes  difficulties.  Instead  a 
small  furnace  should  be  used  alongside  of  the  machine  for  melting  the 
metal.  This  melting  can  be  done  at  a  slow  heat  which  is,  in  itself, 
a  good  thing  for  white  metal.  When  more  than  one  man  works  the 
machine  it  is  difficult  to  obtain  castings  without  blow-holes.  A  casting 
may  look  dense  on  the  outside,  and  when  broken  may  show  such  defects 
as  to  make  it  useless  for  the  purposes  for  which  it  is  intended. 

Making  Dies  for  Pressure  Castings 
When  making  a  die  for  a  pressure  casting,  the  piece  to  be  made 
should  first  be  considered,  as  the  shape  of  the  piece  will  govern  the 
point  at  which  the  dies  should  be  parted.  If  the  dies  are  not  made  and 
parted  correctly,  and  the  sprue  not  put  in  the  proper  place,  it  will  be 
difficult  to  obtain  good  castings.  It  is  therefore  desirable  to  take  these 
points  into  consideration  before  attempting  to  lay  out  a  pair  of  dies  for 
making  pressure  castings.    Care  should  also  be  taken  when  making  tho 
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dies  to  have  them  fit  together  closely,  so  that  there  will  be  no  fin  left 
on  the  casting;  this,  however,  in  some  cases  is  unavoidable. 

The  next  point  to  take  into  consideration  is  the  weight  and  character 
of  the  castings.  If  the  casting  Is  a  thin  shell  of  an  odd  shape,  particular 
attention  should  be  given  to  the  position  of  the  sprue-cutter,  which 
should  be  placed  so  that  it  will  be  possible  to  insure  the  mold  being 
filled.  When  the  sprue^utter  is  not  located  in  the  proper  position, 
it  will  be  found  that  the  mold  will  not  fill  up  properly,  which  will  result 
in  poor  castings.  It  is  impossible  to  lay  down  any  hard  and  fast  rule 
for  the  shape  or  position  of  the  sprue,  as  the  work  under  consideration 
is  the  determining  factor.  It  is  well,  however,  to  fill  the  mold  from  the 
bottom,  as  is  the  rule  in  iron  molding. 

Another  factor  which  enters  into  the  problem  for  making  successful 
pressure  castings  is  the  position  in  which  the  dies  are  set  in  the  ma- 
chine, the  design  of  the  machine,  and  the  conditions  under  which  it 
works.  If  the  machine  has  a  good  pressure,  the  sprue  can  be  made 
small,  but  if  the  pressure  is  reduced,  which  results  from  various  causes. 


PIECE  TO  BE  DIE  CAST 


Fig.  80.    Work  prodnoed  on  Die  ghown  in  Fif .  SI 

the  sprue  should  be  designed  to  compensate  for  the  loss  in  pressure. 
The  pressure  is  sometimes  decreased  by  overheating  the  metal,  which 
expands  the  cylindet  in  the  machine,  so  that  the  metal  squirts  out 
around  the  sides  of  the  plunger. 

The  piece  shown  in  Fig.  30  is  made  from  sheet  steel  and  has  a  brass 
tube  inserted  in  it.  The  cost  of  making  this  part  was  so  high  that  it 
was  decided  to  make  the  body  from  white  metal  and  cast  the  brass 
tube  in  it.  The  end  of  the  brass  tube  which  fits  in  the  body  or  cap  is 
knurled,  so  that  the  tube  is  held  tightly  by  the  metal  when  cast  around 
it.  The  die  for  casting  this  piece  from  white  metal  was  made  to  cast 
one  piece  at  a  time.  Of  course,  if  a  large  quantity  had  been  required 
it  would  have  been  possible  to  make  the  dies  to  cast  more  than  one 
piece. 

The  die  shown  in  Fig.  31  consists  mainly  of  a  cast-iron  frame  A  of 
box-shape  construction.  On  the  top  face  of  the  box  is  fastened  the 
lower  die  C,  the  other  half  of  the  impression  being  formed  in  the  plate 
or  die  D.  E  Ib  &  circular  plug  which  pushes  the  brass  tube  up  against 
the  core  F,  forming  the  inside  of  the  casting.  A  handle  Gf,  pivoted  on 
the  bracket  H  actuates  this  plunger  E,  and  the  coil  spring  J  connected 
to  the  handle  G  keeps  the  brass  tube  tightly  up  against  the  core  F,  while 
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the  piece  is  being  cast  £r  is  a  gate  through  which  the  metal  passes  into 
the  dies,  while  the  hole  L  is  made  to  fit  the  sprue-cutter  B,  the  latter 
removing  the  metal  passing  from  the  pot  to  the  sprue,  after  the  piece 
is  cast.    The  gate  is  broken  off  after  the  piece  la  removed  from  the 
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Fig.  81.    Die  nted  for  prodnoinc  Work  ghotrn  in  Fig.  80 

dies,  which  can  be  accomplished  with  a  slight  pressure  of  the  hand. 
The  gate  should  not  be  made  more  than  0.010  to  0.015  inch  thicks  but 
the  width  should  be  made  to  suit  the  piece.  A  plate  M  is  held  to  the 
lower  die  by  four  studs,  and  acts  as  a  bearing  for  the  links  N.  The  studs 
in  the  plate  M  are  used  for  guides  as  well  as  stops  for  the  up  and  down 
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mov^nent  of  the  plate,  as  is  shown  in  the  separate  view  Fig.  32.  O 
is  an  arm  which  is  mounted  on  a  squared  portion  on  the  shaft  0„  the 
arm  being  bent  at  one  end  to  form  a  handle.  This  arm  0,  through  the 
links  N,  raises  and  lowers  the  plate  M,  which,  in  turn,  actuates  the 
core  F.  Dowels  P  are  used  for  lining  up  the  two  dies  in  their  relative 
positions.  The  dowels  should  be  driven  into  the  thickest  die,  so  that 
they  will  be  held  rigidly. 

The  holes  in  the  casting  are  formed  by  the  four  core-pins  S.  which 


Fir.  88.    Side  EloTatioB  of  Die  ghown  in  Fig.  SI 

are  fastened  to  the  upper  plate  Z>.  A  slide  T  is  pushed  in  under  the 
plate  M  by  means  of  the  lower  lever  I/,  and  is  used  to  prevent  the  core 
from  blowing  out  when  the  pressure  is  applied  for  forcing  the  metal 
into  the  dies.  The  die  D  is  held  in  the  die-casting  machine  on  the  plate 
nearest  the  nozzle,  while  the  other  half  of  the  die  is  fastened  to  the  rear 
plate.  After  the  plates  are  separated  the  piece  is  ejected  by  means  of 
a  handle,  which  is  pushed  forward,  allowing  the  core  F  to  go  back  flush 
with  the  plate  C,  when  the  piece  wiU  fall  into  the  hand  if  placed  under 
the  die. 
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handled  by  the  foremost  writers.  Every  number  contains  the 
most  extensive  and  complete  monthly  record  published  by  any 
journal,  or  in  any  form,  of  new  machinery  and  tools  and  acces- 
sories for  the  machine  shop.  A  special  department  is  devoted 
to  "Letters  on  Practical  Subjects,"  to  which  practical  mechanics 
contribute  their  experiences.  There  is  a  department  of  Shop 
Kinks— brief,  concise  little  contributions  which  contain  ideas  of 
value  to  the  man  in  the  shop  or  at  the  drafting  table. 

The  mechanical  engineer,  machine  designer  and  draftsman  are 
also  well  provided  for  in  Machinery.  Every  number  contains 
articles  on  the  theory  and  practice  of  machine  design,  on  the 
properties  of  materials,  and  on  labor-saving  methods  and  systems. 
There  are  reviews  of  research  work  in  the  mechanical  field, 
valuable  results  of  carefully  made  experiments  are  recorded,  and 
the  world's  progress  in  every  field  of  mechanical  endeavor  is 
closely  watched. 

One  of  the  most  valuable  features  is  the  four-page  monthly 
Data  Sheet  Supplement  printed  on  strong  manila  paper.  These 
Data  Sheets  contain  high-g^ade,  condensed  mechanical  data, 
covering  machine  design,  machine  operation  and  kindred  subjects. 
They  are  the  cream  of  mechanical  information. 
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— Metlkud^,   Hule«  and   ExuniplciD. 

Vo.  55>  Solution  of  Triangles,  Part  IL 
— Tabk'S    uf    XalumI    Functlunw, 

Vo.  56,.     Ball    Bearings. — Frlnefples    of 

mo.  57.  Metal  Splnnlng^^M  a  c  h  i  n  €  fl» 
Tools  find  Methods  l^a^id. 
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Wo,  59,  Machines*  Tools  and  Methods 
of  Automobile  Manof  actnre. 
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Vo.  61.     Blacksmith     Shop     Practice.-^ 

Mudcl    Blacksmith    Shop:    VVelding-:    Forg- 
ing  of   Hooks  and   Chains;    Mlscellaneuua. 
Vo.  63.     Hardness  and  Durability  Test* 
Ing  of  Metals. 

Vo.  63.  Beat  Treatment  of  Steel.-^ 
Hardt«ning,    T^:1n{>irin^;,  L'as**- Harden  ing. 

9o.  64.     Oage  Making  and  Lapping. 

Ho.  65.  Formulas  and  Constants  tot 
Qas  Engine  Design. 

Ho.  66.  Heating  and  Ventilation  of 
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Tfo,  67*     BoUers. 

Ho.  6a.  Boiler  Furnaces  and  Cblm<* 
neys. 

Ho.  69.     Feed  Water  Appliances. 

Ho.  70.     Steani  Bnglnes. 

So.  71^     Steani  Turbines. 

Ho.  72.  Pnmps,  Condensers,  Steani  and 
Water  Piping'. 

Wo,  73*  Principles  and  Applications  of 
Electricity.     Part     I  — Siuth^     KU-ctrlelty; 

Ho.  74.  Prinoiples  and  Applications  of 
Electricity*  Part  FL — JVljiKnetism;  Elec- 
tro-Magnetism;    Electro- Plating. 

Ho.  75*  Principles  and  Applications  of 
Blectricity,  Piirt  IIL— l»yiiEiinus;  Motors; 
Eloijlric    RitUwjiyg. 

Ho.  76.  PiHnoiples  and  AppUcatious  of 
Electricity,    Part    IV.— Kltciric    Life'litlng 

Ho.  77*    Principles  and  Applications  of 
Electrloity,   Part    V — Tiln^r^iph   and    T*^lf^ 
phone. 

Ho.  78.  Principles  and  Applications  of 
Electricity,  Purl  VI. — Tranamlsalon  of 
Power. 


Ho.  7d.     ^ooomotlTS  Building,  Pari  I. — 

Main  and  Sld^  Rode. 
Ho.  80.     XiOoomotlTe    Building,    Pu^rt   IL 

—  Wheela;  Aatlcs;  UrivinK   liitxfs. 

Wo.  81.  Locomotive  Building,  Fart  IIL 
— CytindcrH    aiul    Kramcs. 

He.  82.  Locomotive  Building,  Part  IV. 
— ^ Valve  Motion. 

Wo.  83.  Locomotive  Building,  Part  V. 
— Boiler   Shoj)    I'raclloe. 

Ho.  84.  Locomotive  Building,  Part  VI, 
— Erecting, 

Ho.  85.  Msobanical  Drawing,  Fart  L 
— Instruments:  Malnrlals;  Geometrical 
Problems. 

Ho.  86,    Mecliauloal   Drawing,   Part   IL 

—  Projection. 

Ho.  87.     Mecliaulcal  Drawing*  Part  IIL 

—  Machine   Details. 

Ho.  88.     MecJianlcal  Drawing,  Part  IV. 

—  Machine   DctailH. 

Wo.  89.  Tbe  Tlieory  of  Sbrtnkage  and 
Forced   Fits. 

Ho.  90.     Hallway  Sepalr  Shop  Practice. 

Ho*  91*  Operation  of  Machine  Tools." 
I'lie   Uitiie.  I'arl  1. 

Ho.  92.  Operation  of  Macbine  Tools^^ 
The  L.:it2ic,  Part  II. 

Ho.  93.  Operation  of  Machine  Tools, — 
Planer.  Shaper.   Shatter. 

Ho.  94«  Operation  of  Mac&lne  Tools. — 
\*r\l\inK   MiiClilnos. 

Ho.  95.  Operation  of  Machine  Tools^^^ 
rSMFing  Macliines. 

Ho.  96.  Operation  of  MaoMne  Tools.-^^ 
Milling?  MaciiineH,  Part  I. 

*Ho.  97.  Operation  of  Machine  Tools. — 
Milling  Machines,  Part   IL 

Ho*  98.  Operation  of  MacMse  Tools. — 
OrindlnK  Maehlnea. 

Wo,  99.  Automatic  Screw  Macklns 
Practice,  Part  I.— Operation  of  tiif-  Brown 
i^t   Sharpe  Aul*>matic  Screw  Maciiine. 

Ho.  100.  Antomatic  Screw  MacMna 
Practice^  Part  1 1— Dt*ttlKnin^  ami  Cutting 
Oims    for   the   Automatic   Screw    Machine. 

Ho.  101.  Automatic  Screw  Macblne 
Practice,  Pan  III. — Circular  Forming  and 
<*nt-ofr   Tools. 

Ho.  103.  Automatic  Screw  Maobine 
Practice,  Part  IV. — Kxternal  ruttlnif 
To(»Lh, 

Ho.  103.  Automatic  Screw  MaoMne 
Practice,   Part    V — Int^^rnal  Cutting  Tools, 

Ho.  104.  Antomatic  Screw  Maeblne 
Practice,  Part   VI.— 'Threading  Operations. 
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MACHINERY'S   DATA   SHEET    SERIES 

MArinT«T.i?Y*s  Data  Sheet  Books  inrludo  the  well  known  series  of  Data  Sheets 
originated  by  MAtujNrHv,  and  Issued  monthly  as  aappiements  to  the  pubiieatSon; 
of  these  Data  Sheets  over  50O  have  been  luiblished,  and  6,000 ;i»t)0  copies  sold.  Re- 
vised and  greatly  amplitled,  th«^y  are  now  presented  in  book  form,  kindred  auh- 
jects  being  grouped  togothen  The  purehaser  may  secure  either  the  books  oo 
those  subjects  in  which  he  is  specially  interested,  or,  iX  he  pleases,  the^whole  aet  at 
one  lime.  The  price  of  each  book  is  25  cents  {one  ahi]llEg:^gi  i(yBijy4cod3€i^i€ero 
In  the  world*  ^ 


CONTBNTS  OF  BATA  SHEET  BOOKS 


JTo.  1.  Screw  Tliroads. — I'tifttnl  States, 
Whttuortlu  Shui|i  V-  aiHl  Ht  if  »Hli  Absocta* 
lion      Staridartl      Thn*mls;      lltlwiiw      rtp*_* 

rminecUouM;  Aftin*  Thrciitl;  W<»rm 
Threiidi*:  Motrle  Tlirt.«a»lH;  Miithino.  VV'ikhI, 
litid  l>iig  Surcw  TUreuds;  Camaife  Boll 
Threudtt,  **ti^ 

Mq.  8.  fl«rews,  Bolt*  and  ITnts. — FU- 
llster-head,  Stiuate-liead,  fleuiiless,  COl- 
laf-!i»»ad  and  Hexag^on-head  Screws;  Stand- 
ard and  Special  Nuls;  T-nuts,  T-bolts  and 
Washers;  Thumb  Scn?ws  and  Nuts;  A.  L.. 
A,  M.  Standard  Screws  tiud  Nuts;  Machine 
Srff'W  Heads;  Wood  Screws;  Tap  Drlllii; 
J^uck  Nuts;  Eyp-boUs.  etc. 

Ho.  3.  Taps  and  Utei* — Hand.  Machine, 
Tapper  and  Much  in*'  Strew  Taps;  Tap**r 
Die  Taps;  SfcMtrj^  Hubs;  Screw  Machine 
Taps;  Straight  and  Taper  Boll  .*r  Taps; 
Stay-bolt.  Washout,  and  Patch-bolt  Taps; 
Pipe  Tap«  and  Hohp;  ^i^lld  :?-|Urire,  Round 
Adj\i8iab1e  and  Spring  Scr<:^w  Thr»'adlfi^ 
Dies, 

Sfo.  4.  Seamersr  Socket*,  3>rills  and 
ItllUnr  Cntten,— Hand  Reamers;  Shell 
Rt^anifTS  aii<I  Arbors;  Pipe  Reamers;  Taper 
Pins  and  Ream«-*rs;  IJr^wn  &  Sharps, 
Morse  and  Jar  no  Tnpi-r  So*>kelfl  and  R**iirn- 
crs;  Drills;  Wire  GaKes;  Milllrnr  Cutters; 
Setting  Angles  for  Milling^  Teeth  In  End 
Mills  and   Ang^ular  C'l iters,  etc. 

Mo.  5.  Spur  a«aring. — Diametral  and 
Circular  Pitch;  Dimensions  of  Spur  Gears; 
Tubh'S  of  Pitch  Diameters;  Odonlofiraph 
Tabh-s;  RolIing^  Mill  Gearin??;  i^trength  of 
Spur  Gears;  Horxr-ptnver  Trans mltte<i  by 
Cast-iron  and  R-^iwhlde  Plnian^:  Design  of 
Bpur  Gears;  Weig^ht  of  Cast-iron  Gears; 
EpIcycUc  Gearing. 

Ifo.  6.  B«vel,  Spiral  and  Worm  dear- 
in|r- — Kales  and  FMrmohtM  f^ir  Bevel 
Gears;  Strensth  of  Bevel  Gears.  Dealg^n 
of  Bevel  Gears;  Rules  and  Formutas  f*»r 
Spiral  Gearing,  Tables  Faellltatlnjg  Calcu- 
lations; [>iaKratn  for  Cutters  for  Spiral 
Gciirs:  Rulca  and  Formulas  for  Worm 
Gearing,  etc. 

iro.  7.  Sliaftinflr,  Keyi  and  Xaywayt. — 
Horsepower  of  Sltaftins;  Dla^raaij*  and 
Tables  for  the  Strength  of  Shafting; 
t'^orcini?,  DriviniJ.  SliHnklnK  and  Running 
Fits;  Woodruff  Keys;  United  Slates  Nnvy 
Standard  K^-yn;  <;ib  Keys;  Milling  Key- 
ways;   Duplex   Keys, 

Vo.  E.  Bsaring-tt  CoiipUiir*i  Clntcbev, 
Crane  Oliala  and  Hooka.— Pillow  LJliM-lt-s; 
Babbltle^l  Heartnti-^;  Hall  and  Ruller  Bear- 
ings; Clamp  CuijpbnK*';  Plate  Couplings; 
Flange  CoupHnijs;  Tnoih  Clutclies;  Crab 
CoupllnK«:  Cane  Clutches;  ITniversal 
JoJitls;  Crane  Chain;  Chitin  Friction; 
Crane  Ilu^tks;  Drum  ♦Scores. 

9o.  9.  Spring's,  Slides  and  Kaclilne 
Bttaila. — Formulas  and  Tables  for  Spring 
Cjilculations;  Machine  Slidet^;  Machine 
Handh^s  and  Lev*»rs:  Cullars;  Hand 
Wheels;  Pins  and  Cotters;  Turn-buckles, 
etc, 

Vo.  10.  Kotor  Hrlve,  Spoedi  and  Feeds, 
Cluuiir«  clearing,  and  Boring-  Bars.-  Power 
requlr'-d  for  Mai  hine  Tools;  Cutllnsf 
S petals  and  FerdM  fnr  Carbon  and  Hit:!)- 
speed  St»*el ;  Screw  M-u-ljlne  Spf?edH  and 
Feeds;     Ueat     Treatment     of     High-speed 


Ste*d  To<ds;  Tfiper  Turning;  Change  Gear' 
injf  for  ti*u  Liithe;  Boring  Bars  and  Toula, 
ett. 

JTo.  11.  MUUng  Kaohine  Zndaxlas* 
Clasnpinff  Devices  and  Planer  Jao^s. — 
Tabir^  for  AiJlbng  Macltlnc  Imle^iais. 
Change  G^ar>  for  Milling  Spirals;  AriKletf 
for  steittng  indexing  Htrud  when  MlUitvK 
ClutiiK'«,  Ji^  Clamping  Devices;  Straips 
and  Clamps.  Plui*er  Jucits, 

iro.  12.  Pipe  and  f'lpe  FitUnri*— Pipe 
Threads  and  Gages;  Cast-iron  Flltlugs; 
Bronze  Fittings;  Pipe  Flanges;  Pipe 
Bends;  Pipe  Clamps  and  Hangers;  Dimen* 
eions  of  Pipe  for  Various  Services,  etc 

Mo.  13.  Boilers  and  Chlmner*- — ^Flu« 
Spacing  and  Bracing  for  Boilers;  Str«ngU3 
of  Bollt-r  Joints;  Riveting;  Boiler  Setting; 
Chimncya. 

Vo.  14.  Xiocomotiye  and  mallway  IHkiMm 
— ^Locomotive  Boilers;  Bearing  Pressures 
for  Loctimiitlve  Jnuruals;  Locomotlvn 
Classincatl«»ns:  Ritll  Sections:  Frog^s, 
Switches  and  Cross-overs;  Tires;  Tractive 
Force;  Inertia  of  Trains;  Brake  Levers; 
Briike  Rods,  etc. 

Ho.  15.  Steam  and  Oai  Bn^lsse. — Sat- 
urated Slenm;  Steam  Pipe  ^  tin 
Engine  Dt-slgn;  Volume  ol  re: 
Stuffing  Boxes;  Setting  Ct.r..  •  _Lne 
Valve  Gears;  Condenser  and  Air  Pump 
Data:  Hor?*epower  of  Gasoline  Knj;lr}C«; 
Automobilf?    Engine    Crankshafts,    etc. 

Ho.  16.  IffatliematlcaX  Tables. — Squares 
of  Mixed  Numbers;  Functions  of  Fnae* 
tlons;    Circumference    and     DJ  of 

Circles;    Tables    for    Spacing  «. 

Solution  of  Triangles;  Formiii  ly- 

ing Regular  Polygons;  Genmet rial  Pro* 
gression,  etc. 

Ho.  17.    IKechanlca  and  8tren<>rth  M  ic^ 
terials. — Work;         Knergy;  al 

Force:    Center   of   Gravity;    M 
tlon;  Pend^iiam;  Falling  Bodo...  ....     .eith 

of  Materials;  Strength  of  Flat  Plates: 
Rath,  of  Outside  and  Inside  Rndlt  of 
Thick  Cylinders,  etc, 

Ko,  18.  Beam  Formnlaa  and  Btmetocml 
Design. — Be;in»  Formulaic;  Sectional  Moii- 
nli  of  Structural  Shapes;  Beam  Charm; 
Net  Areas  of  Structural  Angles,  Rivet 
Spacing:  Spikes  for  tMianni^ls  an*l  I- 
beams;   Stresses   In   Roof  Trusi^es.   4*tc. 

Mo.  19.  Belt,  Bope  and  Chain  Drlree. — 
rUmensJons  of  Pulleys;  W^ivlits  of  Pul* 
leys;   Horsepower  of   Belt  ..o~ 

Ity;     Anguhir     Belt     Driv  ver 

transmitted    by   Ropes;   .^i  'pi^ 

Drive;    Bending   Stressns    in    V  '»; 

Sprockets  for  Link  Ctn\jns,  F-  md 

Tibbies    for    Various     Classes  i  njg 

Chuin, 

Ho.  90.  Wiring'  Diagrams,  Seatlac  i^a^ 
Ventilation,    and   IClaoeUaneoas   Tabtos. — 

Typical  Motor  Wiring  Diagrams;  R«^lst* 
a  me  of  Round  Copper  Wir*=':  Rubber  Cov* 
♦  red  Caiik's;  i.  nrrnnt  Dei  '  '  r  Vari- 
ous Contnrts  and  Materi  rlfugal 
Fan  and  Blower  CapacJr  Water 
Main  t\qpatitfes;  Mlsc-^  ~  Vsr 
Decimal  E*)ulvalents.  M  ->n 
TablHS.  Wcigiits  and  Sp.  of 
Metals.  Weights  of  Fillets,  ura ft tng  room 
Conventions,    etc. 
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MACHINERY'S  REFERENCE  BOOKS 

This  treatise  is  one  unit  In  a  comprehensive  Series  of  Reference  books  originated] 
by  MvrHLNEUY.  and  Including  an  indefinite  number  of  compact  units,  each  covering 
one  subject  thoroughly.     The  whole  series 'comprises  a  complete  working  library 
of  mechanical  literature.     The  price  of  each  book  is  25  cents  (one  shilling)    de- 
livered anywhere  in  the  world. 
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ITo,  4.  MiniAg  rixturei.— rrinelpl<>ii  of  Fix- 
tiirt*H;    E.xii)iii»k'fi   of   Ut'slgti, 

19^0,  6»    Firit  Fri&ciptot  of  Theoretio«l  Kechmxilot* 

Wo.     €,     Fun  oh    uid    Die    Work.— PTin^U'l'-s     of 

I^M^^l^    Eiud     I'U-    Work;   "Mukiiijtt    ami    Unlriif    l>li»«; 
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FtfrtiiitJtj   Tixjlsi, 

Ko.    d.     Workijif   I>rawiafft   uid   Draftin^-Room 

Tfftt.  $,  Desijrainir  "Jid  Cutting:  Cunt. — Urniftlng 
(jf  rnmu;  Vnm  t'urvts;  Cttiii  iH-slxii  mid  Cum 
(  iiltlug. 

ITo.  10.  Eximploi  of  Macklne  Shop  Practice.— 
Cultlnt;  rii'vtl  tji-un^;  Mokli^g  a  VVoruuCJi'ar; 
i^j^tuijk*   Couslrurtlon, 

Ho,  11.  Be&rlngm. — DoHlgti  of  Ri^flrlngK;  TiiusteH 
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[llniikUiu  iiid  lM»r- Ing  l»lr^;  SidU  i»li^}t;  Novel 
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I'tilk-yK    jiTnl      It^'Itn;     StriMiitni     of     i'oiititi-rshitftx; 
TuHddtr   Uvar    iH-Higii,   FauUit  of    Iron    C(Utlugft. 

No,     l&*     Spur     Goarlaff, — T)linfiiNlo»R;     Demlicn; 

No.  16.  M&akloe  Tool  DrlToi. — Spp«^1ft  am! 
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CHAPTER  I 


DIB  CASTING 

Die-casting*  a  comparatively  recent  method  for  producing  finished 
castings,  is  rapidly  proving  itself  an  important  factor  in  the  economical 
manufacture  of  interchangeable  parts  for  adding  machines,  typewriters, 
telephones,  automobiles  and  numerous  other  products  where  it  is  essen- 
tial that  the  parts  be  nicely  finished  and  accurate  in  dimensions. 
The  term  "die-casting"  is  self-explanatory,  meaning  ''to  cast  by  means 
of  dies*';  described  briefly,  the  process  consists  of  forcing  molten  metal 
into  steel  dies,  allowing  it  to  cool  In  them,  and  then  opening  the  dies 
and  removing  the  finished  casting.  It  is  the  purpose  of  this  treatise 
to  give  a  general  outline  of  the  die-casting  process,  showing  its  possi- 
bilities and  limitations,  and  also  to  give  a  description  of  the  die-casting 
machinery  and  its  operation,  of  the  fundamental  principles  involved, 
and  of  the  methods  used  in  the  dle-maklng.  Illustrative  examples  of 
the  best  types  of  dies,  based  on  results  obtained  from  actual  experience, 
will  also  be  given. 

Origin  of  Die  Casting  - 

The  origin  of  the  die-casting  process  Is  somewhat  difficult  to  ascer- 
tain. We  may  look  Into  the  history  of  type  founding  and  find  that 
away  back  In  1838,  the  first  casting  machine  for  type,  Invented  by  Bruce, 
was  a  machine  that  involved  the  principles  of  die-casting  as  It  is  prac- 
ticed to-day.  More  recently,  in  1885,  Otto  Mergenthaler  brought  out  the 
linotype  machine.  This  machine  is  a  good  example  of  a  die-casting 
machine.  However,  as  we  interpret  the  word  to-day,  die-casting  Is  a 
broader  term  than  type-casting  or  linotyping,  although  its  development 
without  doubt  is  due  to  the  success  of  the  linotype  machine.  It  Is 
doubtful  If  die-casting,  properly  speaking,  was  originated  until  about 
fifteen  years  ago,  and  it  is  certain  that  It  is  only  during  the  past  few 
years  that  the  activities  In  this  line  have  been  very  noticeable. 

One  of  the  first  experiments  in  the  direction  of  die-casting  was  under- 
taken to  get  out  some  rubber  mold  parts  cheaply  enough  to  leave  a 
profit  on  a  Job  that  was  beginning  to  look  dubious  from  the  financial 
side.  The  molds  were  for  making  rubber  plates  about  three  inches 
square  and  one-eighth  inch  thick,  the  top  side  of  which  was  decorated 
with  fine  raised  scroll  work;  it  was  this  latter  feature  that  gave  the 
trouble.  After  wasting  much  time  and  money  trying  to  stamp  the 
mold  parts,  a  metal-tight  box  was  made  as  shown  in  Figs.  1  and  2 
with  a  block  screwed  in  it,  the  purpose  of  which  was  to  shape  the  mold 
imp^'ession  and  impart  to  it  the  scroll  design.  As  shown,  the  ends  of 
the  box  were  removable,  being  screwed  on.  This  box  was  placed  under 
a  screw  press  and  a  straight  plunger  that  Just  filled  the  top  of  the  box 
was  fitted  to  the  head  of  the  press.  After  the  two  were  lined  up, 
molten  type  metal  was  poured  into  the  box,  and  as  soon  as  the  metal 
had  cooled  to  the  ''mushy"  state,  the  ram  of  the  press  was  forced  down 
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as  shown  In  Pig.  2.  Next,  the  ends  of  the  box  were  removed,  the  screw 
holding  the  block  taken  out,  and  the  die-casting  pushed  from  the  box. 
The  object  In  having  the  Inclined  side  to  the  box  was  to  produce  a  piece 
shaped  with  the  proper  Inclination  for  its  position  in  the  final  mold 
used  for  casting  the  rubber  plates.    The  illustrations  give  an  idea  of  the 
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Fiff.  1.  An  Barly  Bxparlment  In 
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Fig.  S.  An  Barly  Experiment  In 
Die  Oaetlutf — After  Applyinar 
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compression  that  took  place.  The  die-casting  was  found  to  be  sharp 
at  the  corners  and  free  from  flaws,  and  the  scroll  work  came  up  In  fine 
shape.  Naturally  the  rest  of  the  mold  parts  were  made  in  the  same 
way  and  the  job  turned  from  failure  into  success. 

From  such  simple  experiments  as  these,  the  die-casting  industry 
has  developed  to  its  present  stage.  In  view  of  the  advances  that  have 
been  made  in  die-casting,   it  is  singular  that  there  are  to-day  only 
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about  a  dozen  concerns  in  the  business  in  this  country,  but  as  the  sub- 
ject becomes  better  understood,  and  the  possibilities  of  the  process  are 
realized,  the  demand  for  this  class  of  castings  will  result  in  many 
other  firms  going  into  the  work,  and  it  Is  not  improbable  that  a  large 
number  of  factories  will  install  dien^sting  plants  of  their  own  to  aid 
them  In  producing  better  work  in  a  more  economical  way. 

Advantages,  Possibilities  and  Ldmitations  of  Die  Casting 

The  greatest  advantage  of  die-casting  is  the  fact  that  the  castings 
produced  are  completely  and  accurately  finished  when  taken  from  the 
dies.  When  we  say  completely,  we  mean  that  absolutly  no  machining 
is  required  after  the  piece  has  been  cast,  as  it  is  ready  to  slip  into  its 
place  in  the  machine  or  device  of  which  It  is  to  be  a  part.  When  we 
say  accurately,  we  mean  that  each  piece  will  come  from  the  die  an 
exact  counterpart  of  the  last  one;  and  If  the  dies  are  carefully  made, 
the  castings  will  be  accurate  within  0.001  inch  on  all  dimensions, 
whether  they  are  outside  measurements,  diameters  of  holes  or  radii. 
All  holes  are  cast  and  come  out  smoother  than  they  could  be  reamed; 
lugs  and  gear  teeth  are  cast  In  place;  threads,  external  and  internal, 
and  of  any  desired  pitch  can  be  cast.  Oil  grooves  can  be  cast  in  bear- 
ings, and,  in  a  word,  any  piece  that  can  be  machined  can  be  die-cast. 

The  saving  In  machining  works  both  ways;  not  only  is  all  machine 
work  eliminated  by  the  one  operation  of  casting,  but  the  machine  tools 
and  the  workmen  necessary  for  their  operation  and  up-keep  are  dis- 
pensed with,  the  expense  of  building  Jigs  and  fixtures  is  stopped;  and 
no  cutters,  reamers,  taps  or  drills  are  required  for  this  branch  of  the 
production.  In  addition,  the  labor  required  for  operating  the  casting 
machines  may  be  classed  as  unskilled.  No  matter  how  intricate  and 
exacting  the  machine  work  on  a  piece  has  been,  and  how  skillful  a 
workman  was  required  to  produce  the  work  when  machine-made,  the 
same  result  may  be  brought  about  by  dle-castlng,  and  usually  the  work 
is  excelled,  and,  excluding  the  die-making,  unskilled  men  can  make  the 
parts. 

From  a  metallurgical  standpoint  a  die-casting  Is  superior  to  a  sand- 
casting  on  account  of  Its  density,  strength  and  freedom  from  blow-holes. 
Also,  when  the  hot  metal  comes  In  contact  with  the  cool  dies.  It  forms 
a  "skin"  similar  to  the  scale  on  an  iron  sand-casting.  As  the  die-casting 
requires  no  machining  after  leaving  the  dies,  this  skin  Increases  the 
wearing  qualities  of  the  casting. 

The  possibilities  of  die-casting  are  numerous.  By  this  method  of 
manufacturing  it  is  possible  and  practical  to  cast  pieces  that  couM  not 
possibly  be  machined.  It  Is  an  every-day  occurrence  to  make  castings 
with  Inserted  parts  of  another  metal,  as,  for  instance,  a  zinc  wheel  with 
a  steel  hub.  It  Is  also  possible  to  make  babbitt  bearings  that  are  harder 
and  better  than  can  be  made  in  any  other  way.  Often  there  are  two  or 
more  parts  of  a  device  that  have  formerly  been  made  separately,  ma- 
chined and  assembled,  that  can  be  die-cast  as  one  piece.  In  such  cases 
the  saving  in  production  Is  very  great.  Figures  and  letters  may  be 
cast  sunken  or  in  relief  on  wheels  for  counting  or  printing,  and  of 
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course  ornamentation  may  be  cast  on  pieces  that  require  exterior  finish. 
As  to  size»  there  is  no  definite  limit  to  the  work  that  can  be  cast 
One  job  that  is  being  done  at  the  present  time  is  a  disk  16  inches  in 
diameter  with  a  round  fiange  1  inch  in  diameter,  around  the  rim. 

"There  is  no  great  gain  without  some  small  loss,"  is  ^st  as  true  of 
a  process  like  die^asting  as  it  is  of  anything  else.  The  limitations 
of  this  work  are  few,  however,  and  they  are  here  given  so  as  to  state 
the  situation  fairly.    Oenerally  speaking,  a  part  should  not  be  consid- 


Flff.  8.    Bxamples  of  Dl»<iMt1fig» 

ered  for  die-casting  if  there  are  but  few  pieces  required,  because  the 
cost  of  the  dies  would  usually  be  prohibitive.  Often,  however,  it  hap- 
pens that  because  of  the  large  amount  of  accurate  machine  work  being 
done  on  a  machine  part,  it  is  economical  to  make  a  die  for  the  com- 
paratively small  number  of  parts  required  and  die-cast  them.  A  case 
illustrating  this  phase  of  the  matter  recently  occurred  in  actual  prac- 
tice. In  getting  out  an  order  of  two  hundred  vending  machines,  it 
was  decided  to  try  die-casting  on  a  part  that  was  difficult  to  machine. 
The  dies  were  expensive,  costing  |200,  and  as  there  were  only  200  pieces 
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to  be  cast,  the  die  cost  per  piece  was  one  dollar;  but  even  with  that 
Initial  handicap,  it  was  found  that  on  account  of  the  difficult  machining 
that  had  formerly  been  required,  the  die-cast  parts  effected  a  large 
saving,  and  of  course  the  results  were  superior. 

A  rough  part  that  would  require  little  or  no  machining  should  not  be 
die-cast,  because  pound  for  pound,  the  die<:asting  metals  cost  more  than 
cast  iron  or  steel.  The  casting  machine  cannot  make  parts  as  rapidly 
cr  of  as  hard  metals  as  the  punch  press  or  the  automatic  screw  machine. 
For  this  latter  reason  a  part  that  necessarily  must  be  made  of  brass, 
iron  or  steel,  cannot  be  die-cast,  although  mixtures  approximately  equal 
in  strength  to  Iron  and  brass  are  readily  die-cast.  To  give  added 
strength  to  a  die-cast  part  it  is  often  advisable  to  add  webs  and  ribs  or 
to  insert  brass  or  iron  pins  at  points  that  are  weak  or  subject  to  hard 
wear.  Roughly  speaking,  it  is  the  part  that  has  required  a  good  deal 
of  accurate  machine  operations  that  shows  the  greatest  difference  in 
cost  when  die-cast,  and  sometimes  the  saving  is  as  great  as  80  per 
cent. 

The  Metals  used  in  Die  Csstinff 

The  metals  that  produce  the  best  die-castings  are  alloys  of  lead,  tin, 
zinc,  antimony,  aluminum  and  copper,  and  the  bulk  of  the  die-castings 
made  at  the  present  time  are.«iixtures  of  the  first  four  of  these  metals. 
From  them,  compositions  may  be  made  that  will  meet  the  requirements 
of  nearly  any  part. 

For  parts  that  perform  little  or  no  actual  work,  save  to  "lend  their 
weight,"  such  as  balance  weights,  novelties  and  ornaments  for  show 
windows,  etc.,  a  mixture  consisting  principally  of  lead,  often  stiffened 
with  a  little  antimony,  is  used.  There  is  but  little  strength  to  this 
metal,  but  it  is  used  because  of  its  weight  and  low  cost.  For  parts  that 
are  subject  to  wear,  such  as  phonograph,  telephone,  gas-meter  and 
adding  machine  parts,  an  alloy  composed  of  zinc,  tin  and  a  small 
amount  of  copper  is  used.  This  alloy  may  be  plated  or  Japanned,  and  is 
a  good  metal  to  use  on  general  work 

Another  metal,  used  chiefly  for  casting  pieces  that  have  delicate 
points  in  their  design  but  are  not  subjected  to  hard  wear,  consists  prin- 
cipally of  tin  alloyed  with  lead  and  zinc  to  suit  the  requirements  of  the 
work.  This  mixture  casts  freely,  and  the  finished  castings  come  out 
exceptionally  clean.  Still  another  metal,  used  chiefly  for  casting  pieces 
that  have  letters  and  figures  for  printing,  is  similar  to  the  standard 
type  metal — 5  parts  lead  and  1  part  antimony;  but  if  there  are  teeth 
cast  on  the  sides  of  the  printing  wheel  a  harder  mixture  will  be  re- 
quired to  give  longer  life  to  the  gears. 

The  following  mixtures  are  typical  of  die-casting  or  "white  brass" 
alloys:  copper,  10  parts;  zinc,  83  parts;  aluminum,  2  parts;  tin,  5  parts. 
Another  is  copper,  6  parts;  zinc,  90  parts;  aluminum,  3  parts;  tin,  1 
part  Another  containing  antimony  is  copper,  5  parts;  zinc,  85  parts; 
tin,  5  parts;  antimony,  5  parts.  Shonberg's  patented  alloy  is  copper,  3 
parts;  zinc,  87  parts;  tin,  10  parts.  Alloys  containing  15  to  40  per 
cent  copper  and  60  to  85  per  cent  zinc  are  brittle,  having  low  strength 
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and  low  ductility.    An  alloy  of  8  per  cent  copper,  92  per  cent  zinc  has 
greater  resilience  and  strength  but  not  the  ductility  of  cast  zinc. 

Aluminum  may  be  cast,  but  it  is  a  difficult  metal  to  run  into  thin 
walls  and  fine  details;  it  plays,  however,  an  important  part  in  some 
good  mixtures  used  for  die  casting.  Experiments  are  now  being  con- 
ducted for  die-casting  manganese  bronze,  and  it  is  said  that  some  very 


Fig-,  4.    General  View  of  tbe  Soss  Die-casting'  Machine 

good  castings  have  already  been  made.    Its  wearing  qualities  are  so 

valuable  that  it  is  particularly  desirable  for  making  die-castings. 

The  Die-casting  Machine 

The  three  important  requisites  for  good  die-casting  are  the  machine, 
the  dies  and  the  metal.  The  casting  machine  is  fully  as  essential  as 
either  of  the  other  requisites,  and  although  there  are  a  number  of 
different  styles  of  casting  machines  In  use,  each  of  which  has  its 
advantages  over  the  others,  especially  In  the  eyes  of  their  respective 
designers,  the  fundamental  principles  upon  which  they  all  operate  are 
the  same.  In  each  there  Is  the  melting  pot  and  the  burner,  the  cylinder 
and  the  piston  for  forcing  the  metal  into  the  dies,  and  the  dies  with 
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the  opening  and  closing  device.  In  aome  machines  pressure  is  applied 
to  the  metal  by  hand,  in  others  power  is  used,  and  in  still  another  class 
the  metal  is  forced  into  the  dies  with  compressed  air.  The  provisions 
for  opening  and  closing  the  dies  vary  in  the  different  machines;  there 
are  various  means  employed  for  cutting  the  sprue,  and  the  styles  of 
heaters  are  numerous. 

One  or  two  of  the  largest  Arms  in  the  die-casting  industry  have 
automatic  casting  machines  for  turning  out  duplicate  work  in  large 
quantities  very  rapidly.  These  machines  are  complicated  and  are  only 
profitable  on  large  quantities  of  work,  and  for  that  reason  their  use 
is  not  extensive.  In  general,  their  operating  principles  are  the  same 
as  in  the  case  of  the  hand  machines*  but  provision  is  made  for  auto- 
matically opening  and  closing  the  dies,  compressing  the  metal,  and 
ejecting  the  castings. 

The  So88  Die-caeting  Machine 

The  Soss  die-casting  machine,  manufactured  and  sold  by  the  Soss 
Manufacturing  Co.,  Brooklyn,  N.  Y.,  was  the  first  die-casting  machine 
to  be  placed  on  the  open  market  This  machine  is  shown  in  Figs.  4  and 
5,  and  in  section  in  Fig.  6.  The  Soss  Manufacturing  Co.  originally 
manufactured  invisible  hinges  exclusively.  At  the  advent  of  the  die- 
casting  era,  they  commenced  to  make  these  hinges  from  die-castings, 
and  placed  orders  with  a  leading  die-casting  concern  amounting  to 
thousands  of  dollars  each  year.  After  the  die-cast  hinges  had  been  on 
the  market  for  a  short  time,  complaints  commenced  to  come  in.  some 
to  the  effect  that  the  hinges  were  breaking  and  others  that  the  hinges 
were  corroding.  Either  of  these  faults  was  serious  enough  to  blast 
the  reputation  of  the  hinge,  but  the  first  trouble,  breakage,  was  the 
more  important.  Examination  of  the  broken  hinges  showed  that  the 
castings  were  porous  and  full  of  flaws,  and  as  the  makers  of  the  cast- 
ings could  not  produce  castings  sufficiently  strong  for  the  hinges,  Mr. 
Soss  started  to  experiment  for  himself.  This  experimenting  led  to  the 
production  of  the  Soss  die-casting  machine. 

Referring  to  the  illustrations  Figs.  5  and  6,  A  is  the  base  and  frame 
of  the  machine,  B  is  the  heating  chamber  located  at  one  end  of  the 
machine,  and  within  this  heating  chamber  is  the  tank  C,  shown  in 
Fig.  6.  This  tank  contains  the  metal  from  which  the  die-castings  are 
made,  and  the  metal  is  heated  by  the  burners  D.  These  burners  are  fed 
by  air  and  gas  through  piping  on  the  side  of  and  beneath  the  furnace. 
To  facilitate  lighting  the  burn.ers  and  inspecting  their  condition  at 
any  time,  there  is  an  opening  (not  shown)  through  the  firebrick  lining 
of  the  furnace  and  the  outer  iron  wall,  on  a  level  with  the  top  of  the 
burners.  There  is  also  another  opening  through  the  furnace  wall  to 
allow  the  gases  due  to  the  combustion  to  escape.  Through  the  bottom 
of  the  tank,  well  to  the  inner  side  of  the  furnace,  runs  the  cylinder  E. 
Below  the  bottom  of  the  tank,  the  cylinder  makes  a  right-angle  turn, 
extending  through  the  furnace  wall  and  terminating  just  outside  of  the 
wall.  The  orifice  of  this  cylinder  is  controlled  by  gate  F.  In  that 
part  of  the  cylinder  that  extends  upward  into  the  tank,  there  is  an 
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opening  O  that  allows  the  molten  metal  to  run  into  the  cylinder  from 
the  tank.  Working  in  this  cylinder,  is  the  piston  H,  that  is  used  in 
forcing  the  metal  into  the  dies.  The  compression  lever  /.  hinged  over 
the  inner  furnace  wall,  is  kept  normally  raised  hy  spring  pressure,  and 
is  connected  to  the  piston  by  means  of  the  link  J. 


Fig.  6.    'Working  Parta  of  the  Booa  Die-o««tlnflr  Maolilne 

At  the  opposite  end  of  the  machine  from  the  furnace,  is  the  mechan- 
ism for  operating  the  dies.  This  mechanism  consists  of  a  pair  of 
square  rods  K,  upon  which  are  mounted  the  sleeves  L.  These  sleeves 
have  a  long  bearing  surface  and  are  attached  to  the  die-plate  M.  Lever 
N  at  the  end  of  the  operating  mechanism  controls  the  movement  of 
these  sleeves  by  means  of  links  0.  Upon  these  sleeves  is  mounted  a 
secondary  set  of  sleeves  P,  attached  to  the  other  die-plate  Q.  and  whose 
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movement  is  controlled  by  lever  R,  through  links  8.  This  second  set 
of  sleeves  is  free  to  travel  with  the  first  set«  and  in  addition  has  an 
independent  movement  of  its  own  on  the  primary  sleeves.  It  is  the 
function  of  lever  R  to  bring  die-plate  Q  up  to  die-plate  M  by  means 
of  links  S  and  sleeves  P;  and  it  is  the  function  of  lever  N  to  bring 
both  of  the  die-plates  up  to  the  outlet  of  the  cylinder  by  means  of  links 
O  and  sleeves  L.  This  system  of  sleeve-mounting  is  one  of  the  dis- 
tinctive patented  features  of  the  Soss  machine.  The  orifice  of  the 
cylinder  E  is  conical  in  shape  and  exactly  fits  the  cup-shaped  opening 
in  die-plate  M,  so  that  when  the  two  are  brought  together,  the  Joint  is 
metal  tight.  At  the  center  of  this  opening,  and  extending  through  the 
die-plate  J/,  is  an  opening  that  leads  to  the  dies  mounted  on  the  inner 
faces  of  the  two  die-plates,  and  a  continuation  of  this  opening  extends 
through  die-plate  Q  in  which  the  sprue-cutter  U  works.  Attached  to 
the  outer  side  of  this  die-plate  are  two  slotted  brackets.  In  the  slot  of 
one  of  these  is  pivoted  the  lever  T.  and  in  the  slot  in  the  opposite 
bracket  are  bolted  two  stops  that  limit  the  motion  of  the  lever.  This 
lever  operates  the  sprue  cutter  U.  that  works  through  the  opening  in 
die-plate  Q.  The  sprue-cutting  mechanism  is  best  shown  in  Figs.  5 
and  6.  At  the  left  of  Fig.  5  may  be  seen  a  rubber  hose  connected  to 
the  air  piping.  This  hose  is  used  for  cleaning  out  the  dies  after  each 
casting  operation. 

Operation  of  the  Die-castinsr  Machine 
The  metal  for  the  die-casting  machine  Is  mixed  in  the  proper  pro- 
portions for  the  work  in  hand  by  means  of  a  separate  furnace,  before 
being  poured  into  the  tank  of  the  machine  itself.  The  burners  are 
lighted  and  the  dies  are  set  up  on  the  two  die-plates.  As  soon  as  the 
machine  has  "warmed  up/'  so  that  the  metal  is  in  a  thoroughly  melted 
condition,  the  sprue-cutting  lever  T  is  thrown  back,  leaving  a  clear 
passageway  to  the  die  cavities.  Lever  R  is  pulled  backward,  thus 
bringing  die-plate  Q  up  to  die-plate  Jf,  which  operation  closes  the  two 
halves  of  the  die.  Then  lever  N  is  thrown  forward,  thereby  bringing 
the  closed  die  up  to  the  body  of  the  machine,  with  the  nozzle  in  close 
contact  with  the  outlet  of  the  cylinder.  Next,  the  gate  F  is  opened,  and 
the  man  at  the  compression  lever  /  gives  the  lever  a  quick,  hard  pull, 
forcing  the  metal  in  the  cylinder  downward  and  into  the  dies.  The 
molten  metal  literally  *'squirts"  into  the  dies.  Gate  F  is  now  closed; 
lever  N  is  pulled  back  to  remove  the  dies  from  the  cylinder  outlet;  and 
the  sprue-cutting  lever  T  is  pushed  forward,  cutting  off  the  sprue  and 
pushing  it  out  of  the  nozzle  into  the  kettle  placed  beneath  it.  The 
lever  R  is  pushed  forward,  and  a  finished  casting  is  ejected  from  the 
dies. 

An  important  advantage  that  this  machine  has  over  other  die-casting 
machines  is  the  fact  that  the  metal  for  the  castings  is  taken  from  the 
lottom  of  the  melting  pot,  whereas  most  other  machines  use  metal  from 
the  top  of  the  tank.  At  the  bottom  of  the  tank  the  metal  is  always  the 
best,  as  it  is  free  from  impurities  and  dross;  hence,  there  is  little 
chance  for  the  formation  of  blow-holes.    A  handful  of  rosin  thrown  into 
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the  melting  tank  occasionally  helps  to  keep  the  metal  clean,  but  the 
metal  nearest  the  surface  always  contains  more  or  less  foreign  matter. 
While  this  description  of  the  operation  of  the  dieK^asting  machine 
may  convey  the  idea  that  the  process  is  a  slow  one,  as  a  matter  of 
fact,  the  time  required  is,  on  the  average,  not  over  a  minute  and  a  half 
for  turning  out  a  finished  casting.  With  the  ejection  of  the  casting 
from  the  dies,  the  product  is  completed,  in  theory;  but  in  practice  there 
are  always  a  few  small  thin  fins,  caused  by  the  air  vents  or  by  im- 
properly fitted  portions  of  the  dies.  It  is,  however,  but  the  work  of  a 
few  seconds  to  break  oft  these  fins,  and  unless  there  are  many  of  them, 
or  they  are  excessively  thick,  they  are  detrimental  neither  to  the  qual- 
ity nor  the  quantity  of  finished  castings. 

Points  on  the  Operation  of  the  Die-castinff  Machine 

We  have  now  taken  up  the  description  and  general  operation  of  the 
die-casting  machine,  but  like  every  other  machine,  there  are  numerous 
little  kinds  and  practices  in  its  working  the  observing  of  which  makes 
the  difference  between  good  and  poor  die-casting.  Some  of  these  points 
are  here  given.  * 

The  casting  machine  is  best  operated  by  three  men,  one  of  whom 
attends  to  the  compression  lever  and  the  metal  supply  in  the  tank.  The 
other  two  men  stand  on  each  side  of  the  die-end  of  the  machine,  and 
it  is  their  duty  to  operate  the  sprue-cutter,  open  the  dies  and  remove 
the  finished  casting,  clean  the  dies  with  air  and  close  them,  throw  back 
the  die-plates  to  their  casting  position  over  the  cylinder  outlet,  and  do 
any  other  work  Incident  to  the  operation  of  the  machine.  While  it 
requires  three  men  to  operate  a  die-casting  machine  in  the  best  manner, 
the  man  who  attends  to  the  compression  lever  has  a  good  deal  of  spare 
time  between  strokes,  and  if  two  or  even  three  of  the  machines  are 
conveniently  placed,  one  man  can  easily  pull  levers  for  all  three. 

The  metal  should  be  kept  just  above  the  melting  point  and  at  a 
uniform  temperature.  If  the  metal  is  worked  too  cold,  the  result  will 
manifest  itself  in  castings  that  are  full  of  seams  and  creases,  and  it 
will  be  difficult  to  "fill"  the  thin  places  in  the  dies.  If,  on  the  other 
hand  the  metal  is  allowed  to  get  too  hot,  the  die  will  throw  exces- 
sively long  fins,  the  castings  will  not  cool  as  quickly  In  the  die,  and 
consequently  they  cannot  be  made  as  rapidly.  On  account  of  the  im- 
portance of  keeping  the  metal  at  a  uniform  heat,  the  fresh  metal  that 
is  added  to  that  in  the  tank  from  time  to  time,  is  kept  heated  in  a 
bcparate  furnace.  Therefore,  when  the  metal  in  the  tank  gets  low,  the 
new  supply  does  not  reduce  the  temperature  of  the  metal  being  worked. 
Some  casters  use  a  thermometer  to  indicate  the  heat  of  the  metal. 

Casting-dies  require  luorication  frequently.  Just  how  often  they 
should  be  lubricated  depends  on  the  shape  of  the  die,  the  composition 
of  the  casting  metal,  and  the  general  performance  of  the  dies.  Bees- 
wax is  the  common  lubricant,  and  the  lubrication  consists  in  merely 
rubbing  the  cake  over  the  surfaces  of  the  dies  that  come  in  contact 
with  the  casting  metal.  In  die-casting  large  parts,  the  dies  must  be 
kept  cool  by  some  artificial  means,  for  hot  dies  are  conducive  to  slow 
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work  and  poor  castings.  To  reach  this  end,  large  dies  are  sometimes 
drilled  and  piped  so  that  water  may  be  circulated  through  them  to 
keep  them  cooL 

In  the  Soss  machine,  the  burners  are  so  placed  that  the  metal  in  the 
cylinder  is  kept  at  a  slightly  higher  heat  than  that  in  the  tank  proper. 
This  condition  is  brought  about  by  having  the  cylinder  directly  over 
the  burners.  The  value  of  this  feature  lies  in  the  fact  that  gas  is  not 
wasted  in  heating  the  entire  tank  full  of  metal  to  this  higher  heat,  but 
still  the  metal  under  compression  is  at  the  required  temperature.  The 
gas  consumption  of  the  average  die-casting  machine  is  about  100  cubic 
feet  per  hour. 

The  speed  at  which  die-castings  may  be  produced  varies  with  the  size 
of  the  castings  being  made,  the  composition  of  the  metal  being  cast, 
and  the  style  of  dies  that  must  be  employed.  In  many  cases,  in  die- 
casting,  separate  brass  or  steel  pieces  are  used,  that  must  be  placed  in  the 
dies  before  each  operation  so  that  they  will  be  inserted  in  and  become 
a  part  of  the  finished  casting.  The  dies  may  be  difficult  of  operation 
on  account  of  draft  problems  or  pins  and  screws  that  must  be  inserted 
in  the  dies  and  removed  from  each  casting  before  another  can  be  made. 
These  different  types  of  dies  will  be  more  fully  described  in  the  next 
chapter.  Taken  as  a  whole,  from  ten  to  sixty  pieces  per  hour  are 
the  maximum  limits  for  speed  in  die-casting,  and  with  a  well-working 
die,  of  simple  construction,  a  speed  of  forty  pieces  per  hour  is  con- 
sidered good  production.  It  is  possible,  however,  when  the  castings 
to  be  produced  are  small  in  size  and  simple  in  shape,  to  gate  a  number 
of  them  together,  or  rather  to  construct  the  dies  so  that  six  or  more 
castings  may  be  made  at  once.  By  this  means  it  is  often  possible 
to  cast  five  or  sl^  thousand  pieces  per  day  of  ten  hours,  on  a  hand 
die-casting  machine. 
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CHAPTER  II 

MAKING  DIES  FOR  DIE-CASTINa  MACHINES 

The  making  of  casting  dies  calls  for  ingenuity  and  skill  of  the 
highest  order  on  the  part  of  the  die-maker.  There  Is  probably  no  class 
of  die-making  in  which  the  work  produced  is  more  faithful  to  the  dies, 
both  in  showing  up  the  little  details  in  the  making  that  reflect  credit 
on  the  dies,  and  in  exposing  the  defects  and  shortcomings  In  the  work- 
manship, if  there  be  any.  The  castings  from  casting-dies  or  molds  as 
they  are  sometimes  called,  may  be  produced  in  dimensions  down  to 
len-thousandths  for  accuracy  If  necesasry,  and  once  the  dies  are  made 
the  castings  will  not  vary  in  the  slightest  degree,  if  the  working  con- 
ditions are  kept  uniform. 

In  spite  of  the  close  work  required  in  making  casting-dies,  the  work 
is  very  .fascinating.  Perhaps  it  is  on  account  of  this  accuracy;  possibly 
it  is  on  account  of  the  fact  that  they  are  made  from  machine  steel; 
but  most  likely  ft  is  because  there  are  no  hardening  troubles  to  be 
contended  with.  Another  factor  that  makes  the  work  Interesting  is  the 
ingenuity  required  in  the  work,  for  almost  every  die-maker,  If  he  Is 
worthy  of  the  name,  likes  to  figure  out  and  plan  for  the  best  way  of 
building  a  die  for  a  difficult  job. 

General  Principles  of  CaBtinsr-die  Makingr 
Casting-dies,  or  molds,  have  little  in  common  with  sand  molds.  It 
is  true  that  the  dies  for  die-casting  are  composed  of  two  parts  corre- 
sponding to  the  cope  and  nowel  of  the  sand  mold,  but  they  are  so 
different  in  every  other  way  that  no  benefit  would  result  from  a  com- 
parison. 

Generally  speaking,  casting-dies  are  made  of  machine  steel;  the  parts 
which  are  exceptions  are  the  heavy  bases  and  frames,  which  are  made 
of  cast  iron,  and  the  dowel  pins  and  small  cores,  usually  made  of  tool 
steel.  Ehccept  in  rare  instances,  there  are  no  hardened  parts  about  a 
casting-die;  this  is  the  case  because  the  melting  points  of  some  of  the 
alloys  that  are  die-cast  are  high  enough  to  draw  the  temper  from  any 
hardened  parts  of  the  dies. 

The  ideal  die  is  simple  in  construction,  with  as  few  parts  as  practi- 
cable; the  castings  should  be  easily  ejected  and  should  come  from  the 
dies  as  nearly  free  from  fins  as  possible.  To  meet  these  requirements 
in  the  best  way  is  the  proposition  that  confronts  the  ingenuity  of  the 
die-maker.  As  the  die  is  primarily  in  two  parts,  there  must  be  a 
parting  line  on  the  casting.  This  line  is  always  placed  at  the  point 
that  will  permit  the  casting  to  be  ejected  from  the  dies  in  the  easiest 
manner  possible,  bearing  in  mind  the  effect  the  joint  will  have  on  the 
appearance  of  the  finished  casting;  this  is  a  point  far  less  important 
than  with  sand  casting,  for.  If  the  dies  are  properly  made  this  seam  will 
be  barely  perceptible.  When  it  is  practicable  to  do  so,  it  is  wise  to  have 
the  parting  line  come  on  an  edge  of  the  die-casting.     Draft  is  unneces- 
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sary  on  the  straight  "up-and-down"  places,  but  of  course  it  is  impossible 
to  draw  any  parts  that  are  undercut.  Means  must  be  provided  for 
ejecting  the  casting  from  the  dies^  after  completion  and  it  is  usually 
done  by  means  of  ejector  pins,  though  frequently  it  is  better  to  have 
the  bottom  of  the  die  or  some  other  section  movable  and  do  the  ejecting 
on  the  same  principle  that  is  used  on  drawing  dies  of  the  compound 
type.  On  close  work,  shrinkage  plays  an  important  part,  and  the  amount 
of  shrinkage  varies  from  0.002  to  0.007  of  an  inch  per  inch.  Aluminum 
shrinks  the  greatest  amount,  Parsons  white  brass  shrinks  considerably. 

while  tin  shrinks  but  litUe. 
Thus,  it  may  be  easily  seen 
that  to  figure  the  shrinkage 
allowance  for  an  alloy  that 
contains  three  or  four  metals 
with  different  shrinkages, 
requires  judgment  To  pre- 
vent the  air  from  "pocket- 
ing,** air  vents  are  necessary 
at  frequent  intervals  around 
the  die-cavity.  These  vents 
are  made  by  milling  a  flat 
shallow  cut  from  the  die- 
cavity  across  the  face  of  the 

Pl».7.    Dl«ko«.tln  simple  Oastln^mie  ^jje   ^    ^.^g   outsidC   edges    Of 

the  block.  From  ^  inch  to  %  inch  is  the  usual  width  and  from  0.003 
to  0.006  of  an  inch,  the  customary  depth,  varying  with  the  size  and 
shape  of  the  die  in  question. 

The  dies  or  molds  for  die-casting  are  of  various  styles,  as  are  also 
punch-press  dies,  and  it  would  be  difficult  to  lay  down  specific  rules 
for  their  classification.  There  are  the  plain  dies,  without  complications 
of  any  kind;  slide  dies  with  one  or  more  slides;  dies  for  bearings,  both 
of  the  "half-round"  and  of  the  "whole-round"  types;  dies  for  gated 
work;  and  many  other  less  important  classes.  Then  there  are  dies  that 
have  features  that  belong  to  more  than  one  of  these  types,  so  that  it 
is  easily  seen  that  to  decide  upon  the  style  of  die  that  would  be  best 
for  a  given  piece  of  work  requires  a  good  deal  of  experience.  Some  of 
the  most  important  of  these  types  can  best  be  shown  by  illustrating  dies 
made  in  the  various  styles,  showing,  step  by  step,  how  the  dies  are  made 
and  assembled.  To  begin  with,  consider  the  making  of  a  casting-die 
of  the  very  simplest  form. 

In  Fig.  7  is  shown  a  plain  fiat  disk  made  by  die-casting.  In  actual 
practice,  a  die  would  not  be  made  for  such  a  simple  piece,  unless  there 
were  some  features  about  it  that  would  prevent  it  being  made  on  a 
screw  machine  or  with  press  tools.  It  might  have  a  cam  groove  cut 
in  one  of  its  fiat  sides,  the  sides  might  be  covered  with  scroll  work. 
there  might  be  gear  teeth  around  its  circumference,  or  a  hundred  and 
one  other  conditions  to  make  die-casting  a  desirable  method  of  manu- 
facturing. All  these  complications  are  omitted  for  the  sake  of  simpli- 
fying this  initial  description  of  a  casting-die. 
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Fig.  8  shows  the  die  for  this  piece  in  plan  and  sectional  elevation. 
A  is  a  square  cast-iron  frame,  made  from  a  single  casting.  This  frame 
or  box,  as  it  is  generally  called,  is  planed  on  the  top  and  bottom  only. 
Next  the  two  die-halves  B  and  C  are  shaped  up  from  machine  steel. 
In  this  casting-die,  and  in  the  majority  of  others,  these  die  blocks  are 


Ks^r-^^'^--"- 


iiaohtHtry,  N,  IT. 


Flff.  8.    Simple  Oastlnff-dle  for  Cftatlnfr  Block  shown  In  Tig.  7 

square.  The  lower  half  of  the  die  B  is  held  to  the  cast-iron  frame  by 
fillister  head  screws,  set  in  counterbored  holes,  thus  sinking  the  screw- 
heads  under  the  surface  of  the  block.  The  upper  half  of  the  die  C  is 
located  upon  B  by  dowel  pins  driven  Into  B  which  have  a  sliding  fit  in 
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the  reamed  holes  in  C.  This  being  done»  the  die-half  B  is  fixed  to  the 
faceplate  of  the  lathe  and  the  recess  bored  for  the  die-cavity.  This 
operation  is  a  simple  one  in  this  case,  for  it  is  merely  a  straight  hole 
one-half  inch  deep  and  three  inches  in  diameter.  Of  course  this  recess 
must  be  carefully  finished  with  a  tool  that  has  been  stoned  up  to  a  sharp 
edge,  using  lard  oil.  Emery  cloth  should  be  used  as  little  as  possible. 
It  is  unnecessary  to  give  this  hole  draft,  but  it  must  be  free  from  ridges 
or  marks  that  would  prevent  the  casting  from  being  pushed  out  If  the 
faces  of  the  dies  are  spotted  with  a  small  piece  of  box  wood  or  rawhide 
held  in  the  drill  press  and  kept  charged  with  flour  emery,  the  die<iast- 
ing  will  reproduce  this  "bird's-eye"  finish  and  the  appearance  will  well 
repay  the  few  minutes  additional  time  that  it  will  take.  The  spotting 
should  be  done  with  dry  emery  (without  oil)  to  get  the  brightest  finish. 
The  upper  die-half  C  is  simply  ground  on  its  working  face.  The  outside 
corners  and  edges  of  the  faces  of  both  die-halves  should  be  well  rounded 
off  so  as  to  insure  the  absence  of  slight  dents  or  rough  places  that 
might  prevent  the  dies  from  fitting  perfectly. 

The  ejecting  mechanism  must  next  be  considered.  Lever  D,  pivoted 
from  bracket  E,  has  a  steel  pin  F  that  engages  in  the  elongated  hole 
in  bracket  G,  so  that  an  upward  pull  of  the  lever  D  raises  bracket  G, 
which  is  attached  to  ejector-pin  plate  H,  This  plate  is  a  loose  fit  over 
the  guide  screws  /  that  are  attached  to  the  lower  die-half  B.  The 
ejector  pins  /,  four  in  number,  in  this  die,  are  riveted  into  the  ejector- 
pin  plate,  and  they  work  through  holes  drilled  and  Teamed  through  the 
lower  die-half.  The  ends  of  these  pins  most  be  finished  off  so  as  to  lie 
perfectly  flush  with  the  inside  of  the  die  when  ready  for  operation  and, 
of  course,  they  must  be  a  sliding  fit  In  the  holes  in  the  die. 
^  An  important  feature  of  a  casting-die  is  the  sprue  cutter,  shown  In 
this  die  at  K.  If  the  disk  for  which  this  die  was  made,  had  had  a  hole 
or  central  opening  of  any  kind,  the  sprue  cutter  wK>uld  best  be  operated 
at  that  point;  but,  as  this  disk  is  plain,  the  sprue  cutter  must  be  placed 
at  the  edge.  At  the  outside  of  the  die-cavity,  as  shown  in  Fig.  8,  the 
opening  for  the  sprue  cutter  is  laid  out,  drilled  and  flled  to  shape. 
It  is  obvious  that  the  side  of  the  sprue  cutter  adjacent  to  the  die  must 
fit  the  outline  of  the  die  perfectly,  so  that  there  will  be  no  break  in 
the  appearance  of  the  casting.  The  opening  for  it  is  extended  through 
the  upper  die-half,  and  from  a  point  ^  of  an  inch  from  the  inside  face 
of  the  die  this  hole  is  fiared  out  nearly  as  large  as  the  opening  through 
the  die-plate  of  the  machine.  Of  course  the  apperture  in  the  upper  die- 
half  must  be  no  larger  than  the  opening  through  the  die-plate;  other- 
wise the  sprue  could  not  be  pushed  out.  The  sprue  cutter  itself  is  a 
long  rod,  whose  section  is  of  the  same  shape  and  size  as  the  openings 
just  made,  and  it  is  connected  to  the  sprue  cutting  mechanism  of  the 
machine.  Of  course  it  is  unnecessary  to  shape  the  entire  length  of 
the  sprue  cutter  to  size;  after  the  working  end  is  milled  to  shape  for  a 
distance  of  six  or  eight  inches,  the  rest  of  the  rod  may  be  left  round. 
The  sprue  cutter  is  finished  first,  after  which  both  the  openings  in  the 
die  are  fitted  to  it;  and  while  the  fit  should  be  metal  tight,  it  must  be 
perfectly  free  to  slide. 
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The  dies  are  mounted  on  the  die-plates  of  the  casting  machine  by 
means  of  straps,  much  the  same  as  bolsters  are  held  on  punch  press 
oeds.  The  position  of  the  die  on  the  die-plate  must  be  such  that  the 
opening  for  the  sprue  cutter  will  line  up  with  the  nozzle  at  the  outlet 
of  the  cylinder.  At  the  time  of  casting,  the  position  of  the  sprue  cutter 
is  as  shown  in  the  illustration  of  this  die.  Fig.  8.  In  this  position  there 
is  room  for  the  metal  to  enter  the  die-cavity,  and  yet  there  is  but  a 
small  amount  of  metal  to  be  cut  ofT  and  pushed  back  after  the  die  has 
been  filled  with  metal. 

With  slight  modifications,  the  above  style  of  die  may  be  used  for  die- 
casting  any  piece  that  will  draw  or  pull  out  of  a  two-part  die.  If  holes 
must  be  cast  through  the  piece,  it  is  only  necessary  to  add  core  pins  to 
the  lower  die  B,  a  point  that  will  be  more  fully  described  later.  It  is 
nnnecessary  to  add  that  both  halves  of  the  die  may  be  utilized  in 
making  the  cavity  for  the  die,  should  they  be  needed.  Also,  it  is  often 
easier  to  machine  out  the  recess  larger  than  is  needed,  and  set  in 
pieces  In  which  parts  of  the  outline  of  the  die-casting  have  been  formed. 
Gear  teeth  are  put  in  the  die  in  this  way;  a  broach  is  cut  similar  to  the 
gear  desired,  then  hardened  and  driven  through  a  piece  of  steel  plate 
which  is  afterward  fitted  to  its  place  in  the  die. 

SUde  Dies 

The  die  illustrated  in  Fig.  9  is  one  of  the  most  successful  of  the 
various  types  of  casting-dies,  and  if  properly  made  is  an  interesting 
piece  of  die  work.  The  prinicpal  use  of  this  particular  style  of  die, 
called  a  slide  die,  is  to  cast  parts  like  the  one  shown  in  Fig.  10,  which 
is  a  disk  similar  to  the  one  which  the  last  die  described  was  to  cast, 
except  that  it  has  raised  letters  at  the  edge  and  a  hole  in  the  center. 
It  is  obvious  that  the  die  last  described,  (Fig.  8),  would  not  do  for 
disks  or  other  pieces  having  projections  or  depressions  around  their 
edges,  as,  for  instance,  printing  or  counting  wheels  with  raised  or 
sunken  characters,  or  grooved  pulleys.  Briefly,  this  style  of  die  is 
similar  to  the  simple  casting-die,  except  that  slides  are  provided,  to  the 
required  number,  which  form  the  edge  of  the  casting.  A  die  for  a  plain 
grooved  pulley  would  require  but  two  slides,  while  a  die  for  a  printing 
wheel  with  forty  letters  around  its  edge  would  necessitate  forty  slides. 
one  for  each  of  the  letters.  The  die  about  to  be  described,  shown  in 
Fig.  9,  was  made  to  cast  a  wheel  with  six  raised  letters. 

Referring  to  Fig.  9,  D  is  the  cast-iron  box  or  frame,  E,  the  lower  die. 
and  F  the  upper  die.  In  making  the  lower  die-half,  the  stock  is  first 
shaped  to  size  and  doweled  to  the  blank  for  the  upper  die-half,  and  the 
holes  for  attaching  to  the  frame  are  drilled.  For  the  sake  of  clearness, 
these  holes  and  screws  are  omitted  from  the  illustration  as  are  also 
the  Tents,  since  they  have  been  fully  explained.  The  lower  die  is  next 
strapped  to  a  face  plate,  trued  up,  and  bored  out  nearly  to  the  diameter 
of  the  body  of  the  piece  to  be  cast,  exclusive  of  the  raised  letters.  The 
depth  of  this  recess  is  equal  to  the  thickness  of  the  printing  wheel  plus 
3/16  inch  to  allow  for  the  cam  ring  O  that  is  used  to  reciprocate  the 
slides  of  the  die.    The  cam  ring  is  made  large  enough  to  cover  the  die- 
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cavity  as  well  as  the  slides  that  surround  It,  with  an  allowance  of  an 
inch  or  two  for  the  cam  slots  H,  The  six  slides  1  are  made  -long  enough 
to  have  good  bearing  surfaces.  With  the  size  of  the  cam  ring  deter- 
mined, the  die  is  next  bored  out  to  receive  this  cam  ring  and  the  last 
inch  of  the  recess  is  carried  down  to  the  depth  of  the  die  cavity  so  as 
to  make  an  ending  space  for  the  slots  that  the  slides  are  to  work  in. 


SECTION  ABO 
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Fiff.  8.    Slide  Die  for  Casting  the  Printinir  Wheel  shown  in  Yig.  \0 

The  die  is  now  taken  from  the  faceplate  and  the  slots  for  the  slides 
laid  out 

These  slots  may  be  milled  or  shaped,  but  milling  is  to  be  preferred. 
The  next  step  is  the  making  and  fitting  of  the  slides,  which  are  of 
machine  steel,  having  a  good  sliding  fit  in  the  slots.  The  six  slides  are 
fitted  in  position  and  left  with  the  ends  projecting  into  the  die  proper. 
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The  slots  H  are  next  profiled  In  the  cam  ring  G,  and  the  pins  J  that 
work  in  them  are  made  and  driven  into  the  holes  in  the  slides.  With 
the  slides  and  cam  ring  in  place,  the  cam  ring  is  rotated  to  bring  all 
the  slides  to  their  inner  position  where  they  are  held  temporarily  by 
means  of  the  cam  ring  and  temporary  screws.  The  die-half  with  the 
slides  thus  clamped  in  the  inner  or  closed  position,  is  set  up  on  the 
lathe  faceplate  and  the  dieKsavity  indicated  up  and  bored  out  to  the 
finish  size,  which  operation  also  finishes  the  ends  of  the  slides  to  the 
proper  radius.  The  die  may  now  be  taken  down  and  the  slides  removed 
to  engrave  the  letters  upon  their  concave  ends.  The  engraving  can  be 
done  in  the  best  manner  on  a  Gorton  engraving  machine,  but  if  such  a 
machine  is  not  available  they  may  be  cut  in  by  hand.  Stamping  should 
never  be  resorted  to  for  putting  in  the  letters,  because  the  stock  dis- 
placement would  be  so  great  that  it  would  be  impossible  to  refinish  the 
surface  to  its  original  condition.  Before  fitting  the  cam  ring,  an  open- 
ing must  be  milled  in  the 
die  to  allow  the  handle  to 
be  rotated  the  short  distance 
necessary.  After  the  cam 
ring  has  been  fitted,  it  is 
held  in  by  the  four  small 
straps  JT,  attached  by  screws 
to  the  lower  die-half  at  the 
comers. 

The  sprue  cutter,  which  is" 
not  shown,  is  operated 
through  the  hole  in  the 
center  of  the  piece  and  is, 
of  course,  round  in  this 
PUr.io.  PrintUMrwiMi«io«tin«8iid#Die         ^je.    Its  acUon  is  the  same 

as  was  the  one  previously  described,  and  the  ejecting  device 
is  similar,  with  the  exception  that  the  brackets  L  that  are  attached  to 
the  ejector-pin  plate  M,  are  widely  separated  so  as  to  make  room  for  the 
sprue  cutter  that  works  through  a  hole  in  the  plate  if. 

Die  for  Casting  with  Inserted  Pieces 
For  making  die-castings  that  are  to  have  pieces  of  another  metal 
inserted,  it  is  necessary  to  have  a  die  with  provisions  for  receiving  the 
metal  blank  and  holding  it  firmly  in  position  while  the  metal  is  being 
cast  around  it,  and  of  course  the  piece  must  be  held  in  such  a  manner 
that  it  can  be  easily  withdrawn  from  the  die  with  the  finished  casting. 
The  die  illustrated  in  Fig.  11  is  for  a  part  that  is  used  as  a  swinging 
weight,  shown  in  Fig.  12.  The  upper  part  of  the  piece  is  made  from  a 
sheet  steel  punching,  so  as  to  lighten  this  part  of  the  piece  as  well  as 
to  give  increased  strength,  especially  at  the  hole  at  the  pivoted  end  of 
the  work.  The  cast  portion  of  the  piece  is  slotted  lengthwise,  as  the 
Illustration  shows;  and  three  holes  pass  through  the  casting,  piercing 
the  sides  of  the  slot.  In  addition  to  showing  the  method  of  making  dies 
for  inserted  pieces,  this  die  shows  the  principles  of  simple  coring. 
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In  making  this  die,  two  machine-steel  blanks  are  planed  up  for  the 
Mpper  and  lower  halves  of  the  die,  A  and  B,  the  lower  die  being  made 
nearly  twice  as  thick  as  the  upper  die  because  it  is  in  this  part  that 
the  most  of  the  die-cavity  will  be  made.    In  this  lower  half  of  the  die 
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Fiff.  11. 


Castinff-dle  for  Afakinv  CAStlnffS  with  Iztaerted  Places  like 
that  shown  In  Fiff.  IS 


the  Stock  is  milled  out  to  the  same  shape  as  the  outline  of  the  plan 
view  of  the  casting,  being  carried  down  to  the  exact  depth  of  the  thick- 
ness of  the  casting.  From  the  wide  end  of  this  recess  the  stock  is 
milled  or  shaped  out  in  a  parallel  slot  to  the  outside  of  the  die-block. 


Digitized  by  VjOOQ  IC 


THE    MAKING    OF    THE    DIES 


23 


At  the  bottom  of  the  side  of  this  wide  slot  are  T-slots  to  guide  the 
slide  E  that  is  to  work  in  this  opening.  The  side  is  milled  and  fitted 
to  the  T-slots  and  opening  in  the  die,  but  is  left  considerably  longer 
than  the  finish  size.  Next,  the  slide  is  mounted  on  the  faceplate  of  a 
lathe  and  turned  out  on  the  end  with  the  proper  radius  and  a  tongue 
to  form  the  slot  that  is  to  be  in  the  curved  end  of  the  casting.  At  the 
outer  end  of  the  slide  is  left  a  lug  that  is  drilled  and  tapped  for  the 
operating  lever  JP  that  reciprocates  the  slide,  using  the  stud*  in  bracket 
JT  as  a  fulcrum. 

Two  pieces  of  machine  steel  are  next  shaped  and  finished  up  to 
form  the  chamfered  part  of  the  casting  and  to  locate  the  inserted  steel 
punching  In  the  die.  The  combined  thickness  of  these  pieces  C  and  D 
Is  equal  to  the  thickness  of  the  casting,  less  the  thickness  of  the  in- 
serted piece.  It  is  now  an  easy 
matter  to  seat  section  D  in  the 
bottom  of  the  milled  part  of  the 
lower  die-half,  and  to  locate 
section  C  in  its  proper  position 
on  the  upper  half.  A  pilot  pin 
M  is  fitted  in  D  to  hold  the 
steel  punching  in  position  by 
means  of  the  hole  that  is  in  the 
extreme  upper  end  of  the 
punching.  The  pilot  pin  extends  * 
through  this  hole  into  a  cor- 
responding hole  in  section  C. 
At  the  lower  end  of  the  steel 
part  that  Is  inserted,  there  are 
two  holes  the  object  of  which  is  to  secure  the  punching  to  the  die- 
casting,  for  the  molten  metal  runs  through  these  holes,  practically 
riveting  the  die-casting  to  the  inserted  piece. 

Provision  has  now  been  made  for  holding  the  sheet-metal  part  that  is 
10  be  inserted,  and  the  cavity  has  been  completed  for  the  casting,  in- 
cluding the  tongue  at  the  end;  it  now  remains  to  describe  the  manner 
of  forming  the  holes  that  pierce  the  casting  through  the  slotted  por- 
tion. In  the  lower  die-half  the  positions  of  the  three  holes  H  are 
Ihid  out,  drilled  and  reamed.  Then,  with  the  two  die-halves  together 
?nd  the  slide  clamped  at  its  inner  position,  the  holes  are  transferred 
through  the  slide  and  the  upper  die.  This  being  done,  it  is  an  easy 
'natter  to  make  core  pins  and  drive  them  into  the  upper  die  at  the  two 
end  holes,  the  center  hole  being  taken  care  of  by  the  sprue  cutter  L 
that  will  be  described  later.  The  core  pins  should  be  a  nice  sliding  fit 
through  the  slide  and  in  the  holes  in  the  lower  die.  into  which  they 
should  extend  from  a  quarter  to  half  an  inch.  In  addition  to  coring 
the  holes,  these  pins  act  as  a  lock  to  hold  the  slide  E  in  its  proper 
position  at  the  time  of  casting. 

The  sprue  cutter  L  is  most  conveniently  operated  in  the  center 
hole,  thus  doing  away  with  the  core  pin  that  would  otherwise  be  re- 
quired.   The  sprue  cutter  needs  little  description  in  this  die,  for  as  in 
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the  slide  die»  it  is  merely  a  plain  round  rod  that  fits  closely  in  the 
boles  through  the  dies  and  slide.  The  ejector  mechanism  is  the  same 
in  this  die  as  in  the  dies  already  described;  therefore  further  descrip- 
tion is  unnecessary. 


MaoMnery^.r, 


Tig.  18.    0«stlii8r-<lie  for  the  HaU-vound  Bearlnff  shown  In  Fig.  14 

The  operation  of  this  die  is  very  simple.  The  sheet-steel  piece  is 
laid  in  the  recess  In  the  open  die,  being  located  by  the  pin  M.  Slide 
E  is  thrown  in  by  means  of  lever  F,  and  the  dies  are  closed.    At  the 
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time  of  casting,  the  sprue  cutter  in  is  the  position  shown  in  the  sketch, 
being  nearly  through  the  die-cavity.  As  before  explained,  this 
position  admits  the  molten  metal  to  pass  into  the  die-cavity,  but  still 
leaves  very  little  sprue  to  be  cut  off  after  the  die-casting  is  completed. 
It  should  be  stated  that  the  steel  piece  that  is  inserted  must  be  per- 
fectly flat  and  free  from  burrs  that  would  prevent  the  die-halves  from 
coming  together  properly. 

BearinfiT  Dies 

Bearing  dies  are  one  of  the  most  important  of  the  various  classes  of 
casting-dies.  The  bearings  produced  by  die-casting  are  so  far  superior 
to  those  made  by  other  casting  methods  and  machining  that  their  use 
is  now  very  extensive.  Dies  are  made  for  "half-round"  and  "whole- 
round"  bearings.  There  is  little  out  of  the  ordinary  about  a  whole- 
round  die.  but  the  half-round  die  involves  many  interesting  methods 
of  die-making,  and  for  that  reason  is  here  described. 

Fig.  13  shows  a  casting-die  for  half-round  bearings.  Half-round  bear- 
ing dies  are  usually  made  to  cast  two  bearings  at  a  time,  for  the 
reason  that  it  is  just  as  easy  to  cast  two  pieces  of  such  a  shape  as  it 
is  to  cast  one,  and,  In  addition,  the  die  is  balanced  in  a  better  manner. 
As  with  other  dies,  the  first  step  is  to  machine  up  the  frame  A  and  the 
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Fiff.  14.    Die-oast  Half  •round  Beaiinsr,  Sbowlns  the  Oaat  Oil  Groovea 

two  die-halves  B  and  C.  The  pieces  D  and  E  that  are  to  form  the 
insides  of  the  bearings  are  then  turned  up  and  one  side  of  each  shaped 
and  keyed  to  fit  the  slots  that  have  previously  been  milled  in  die-half 
C.  These  parts  are  held  in  place  by  dowels  and  screws.  One  of  the 
bearings  produced  by  this  die  is  shown  in  Fig.  14,  and  it  will  be 
noticed  that  there  is  an  oil  groove  within  that  covers  the  length  of 
the  bearing.  To  produce  this  groove  in  the  die-castings,  a  shell  must 
be  tucned  up  and  bored  out  whose  inside  diameter  is  that  of  the  inside 
of  the  bearing,  and  whose  thickness  equals  the  depth  of  the  oil  groove. 
This  being  done,  the  oil  grooves  are  laid  out  upon  the  shell  and  cut 
out  by  drilling  and  filing.  After  rounding  the  outside  corners,  these 
little  strips  are  pinned  to  the  cores  D  and  E  in  their  proper  places. 

Another  little  kink  in  this  connection  is  worthy  of  noting.  So  many 
different  styles  and  sizes  of  bearings  are  made  by  a  concern  doing  much 
die-casting  that  it  is  essential  that  the  die-cast  bearings  should  bear 
some  distinguishing  number  to  Identify  them.  As  this  number  is  of  no 
consequence  to  the  user  it  is  well  to  have  the  number  in  an  incon- 
spicuous place,  but  it  must  be  where  it  will  not  be  effaced  by  scraping, 
etc.  Bearing  in  mind  that  it  is  much  easier  to  produce  raised  lettering 
by  die-casting  than  to  produce  sunken  lettering,  it  will  be  readily  seen 
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that  the  oil  groove  affords  a  good  place  in  which  to  put  the  bearing 
number.  This  is  easily  done  by  stamping  the  figures  upon  the  narrow 
strip  that  forms  the  oil  groove.  In  this  place  on  the  bearing  it  may  be 
easily  found  if  needed,  and  of  course  there  is  no  danger  of  its  being 
taken  out  by  machining. 

The  lower  die  consists  of  two  blocks  F  and  G,  each  of  which  contains 
an  impression  of  a  bearing.  The  best  way  to  make  these  parts  is  to 
lay  out  the  ends  of  each  of  the  blocks  with  the  proper  radius,  taking 
care  to  have  the  center  come  a  little  below  the  surface  of  the  face  of 
the  block.  Then  the  blocks  should  be  shaped  out  to  get  the  bulk  of  the 
stock  out.  before  setting  up  in  the  lathe.    After  the  lathe  work  is  done 
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Flff.  16.    Interastlnff  Bxmmpl^m  of  Die-oastln^s 

on  each  piece,  which  of  course  is  usually  done  separately,  the  faces  of 
I  he  two  blocks  are  faced  down  just  to  the  exact  center  of  the  impres- 
sion. It  will  be  noticed  that  two  blocks  are  used  for  the  lower  part  of 
the  die.  The  reason  is  to  facilitate  the  locating  of  the  female  parts 
of  the  die  in  proper  relation  to  the  male  parts.  After  properly  locat- 
ing, they  may  be  doweled  and  screwed  to  baseplate  B. 

The  sprue  cutter  if,  better  shown  in  the  plan  view,  is  square  in 
Bhape  and  connects  with  the  die-cavities  in  a  thin  narrow  opening  on 
either  side  of  the  sprue  cutter.  The  ejector  pins.  /,  two  to  each  die, 
are  at  the  ends  of  the  bearings.  The  ejector-pin  plate  J  is  necessarily 
'arge,  and  is  operated  by  lever  A'. 

Fig.  15  shows  a  number  of  interesting  examples  of  die-castings. 
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CHAPTER  III 

VAN  WAGNER  MFG.  OO.'S  DIB-OASTING  PRACTICE 

In  1907,  Mr.  E.  B.  Van  Wagner,  of  Syracuse,  N.  Y.,  eBtabllshed  the 
E.  B.  Van  Wagner  Mfg.  Co.  for  the  production  of  die-castings.  The  fac- 
tory comprises  the  office  section,  the  machine  shop  where  the  dies  and 
casting  machines  are  built,  the  metallurgical  laboratory  where  the 
metals  are  alloyed,  the  casting  department  shown  in  Fig.  17  where  the 
die-castings  are  made,  and  the  trimming  department. 

Possibilities  and  Limitations  of  Die  Casting 

At  the  outset  we  may  say  that  it  is  possible  to  die-cast  almost  any 
piece,  but  it  is  not  by  any  means  practicable  to  do  so.  It  must  be 
remembered  that  to  die-cast  on  a  practical  basis  the  dies  must  be  con- 


1 

IL V 

-1 

\ 

//A 

A 

B 

1            1 
I ^ 

c 

31 

la4:htiury 

FIff.  16.    Dle-caatlnff  Ck>iiatniotloDS  to  be  avoided 

structed  in  such  a  manner  that  the  cost  of  their  operation  and  up-keep 
will  be  light,  or  there  will  be  no  profit  in  die-casting.  It  is  impractic- 
able to  produce  under-cut  work,  that  is,  work  having  no  draft  and 
which  is  therefore  impossible  to  draw  from  the  die.  Such  an  instance 
is  that  illustrated  at  A,  Fig.  16,  and  by  the  internal  section  of  If, 
Fig  21,  and  the  internal  groove  in  O,  also  shown  in  Fig.  21.  If  abso- 
lutely necessary,  work  of  this  kind  can  be  done  by  the  use  of  collapsi- 
ble cores;  but  here,  again,  we  meet  resistance  in  maintaining  the  dies 
?n  proper  condition,  and,  moreover,  this  method  is  commercially  im- 
practicable, owing  to  the  difficulty  of  operating  these  cores  rapidly. 
Hollow  work,  requiring  curved  cores,  like  fauCets  and  bent  piping  of 
the  character  Illustrated  at  C  in  Fig.  16,  are  difficult  to  produce.  If, 
in  designing  the  piece.  It  can  be  planned  to  have  the  parts  of  such  a 
shape  that  the  cores  can  be  readily  withdrawn,  employing  a  two-piece 
core  with  a  slight  draft  in  each  direction,  the  division  coming  as  indi- 
cated by  the  core  line  of  C  in  Fig.  16,  the  problem  becomes  simpler. 
Oftentimes  this  worK  can  best  be  done  by  casting  in  a  straight  piece. 
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if  the  threads  are  fine,  say,  under  twenty-four  to  the  Inch,  should  not 
be  die-cast  because  under  moderate  pressure  they  will  strip.  A  good 
way  to  treat  constructions  of  tnis  kind  is  to  enclose  brass  or  steel 
bushings  in  the  die-castings  in  which  the  threads  are  required. 

As  to  the  accuracy  with  which  die-castings  may  be  iwoduced,  it  is 
possible  to  keep  dimensions  within  0.0005  inch  of  standard  size,  but  to 
do  so  requires  considerable  expense  in  keeping  the  dies  in  condition. 
A  limit  of  0.002  inch,  however,  is  entirely  practicable,  and  can  be  main- 
tained easily.  In  specifying  the  accuracy  with  which  die-castings  are 
to  be  made,  only  those  parts  which  are  absolutely  essential  should  be 
held  to  size,  in  order  to  keep  the  cost  of  the  work  nominal.  One  of  the 
great  advantages  of  the  use  of  die-castings  is  that  no  finishing  is  re- 
quired after  the  i)ieces  leave  the  molds.  Finish  requirements  should 
he  plainly  stated  in  ordering  die-castings,  as  the  alloy  must  be  suited 
to  these  requirements. 

Another  great  saving  is  effected  on  lettered  work,  either  raised  or 
sunken.    One  of  these  jobs  is  illustrated  at  Q.  Fig.  22.  which  shows  an 
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Flff.  18.    Methods  of  attaotainff  Die-cast  Oears.  etc.,  to  Shafts 

example  of  die-cast  lettering.  Sunken  lettering  is  to  be  preferred  to 
raised  lettering,  as  the  latter  is  more  easily  injured.  Knurled  work 
may  be  produced  easily,  if  straight  knurls  are  used,  and  threaded  sec- 
tions over  %  inch  in  size  are  entirely  practicable,  either  internal  or 
external.  External  die  cast  threads  are  illustrated  at  R  and  8,  Fig.  22. 
The  casting  of  gears  and  segments  is  a  familiar  appliction  of  die- 
roasting;  this  is  illustrated  by  the  large  gear  at  N,  Fig.  21,  and  the 
segment  at  W,  Fig.  23,  which  give  an  idea  of  the  general  character  of 
this  class  of  work.  The  casting  of  pulleys,  gears,  and  similar  parts  on 
shafts  may  be  easily  effected  as  shown  by  the  gear  on  tne  shaft  at  N, 
in  Fig.  21.  The  views  shown  in  Fig.  18  are  intended  to  convey  an 
idea  of  three  methods  of  die-casting  around  shafts.  At  D  is  shown  a 
die-casting  cast  around  a  steel  shaft.  If  the  surface  of  the  shaft 
coming  within  the  pulley  has  been  previously  knurled,  the  pulley  will 
grip  it  much  better,  but  for  ordinary  purposes  the  shrinkage  of  the 
die-cast  metal  around  the  shaft  is  sufficient.    If  any  heavy  strain  is  to 
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be  imposed  on  the  work,  it  is  better  to  provide  anchor  holes  through 
the  shaft,  like  those  indicated  at  E.  It  will  be  readily  seen  that  the 
die-cast  metal  runs  through  these  holes  in  the  shaft,  forming  rivets 
which  are  integral  with  the  casting.  For  locating  levers  upon  the  ends 
of  shafts,  etc.,  a  good  way  is  to  flatten  opposite  sides  of  the  shaft  and 
cast  around  them,  as  shown  at  F,  Fig.  18.  The  screw  seen  projecting 
beneath  the  piece  at  Q,  Fig.  22,  was  die-cast  in  place.     Any  of  these 


Fiff.  10..   A  Few  PoMlblUtiM  of  Die  Caetlnff 

methods  are  to  be  recommended,  and  a  proper  knowledge  of  possibili- 
ties of  this  kind  will  increase  the  scope  of  die-casting. 

Another  phase  of  die-casting  which  can  well  be  borne  in  mind  is 
the  possibility  of  inserting  steel  or  other  parts  in  the  die-casting.  Such 
an  instance  is  shown  at  O  in  Fig.  19 —  a  die-casting  which  was  made 
by  the  Van  Wagner  Co.  as  a  part  of  an  electrical  apparatus,  the  steel 
inserts  being  contact  points.  Oftentimes  it  is  found  advisable  to  in- 
clude brass  bearing  rings  to  give  additional  durability  at  points  where 
the  die-cast  metal  would  not  stand  up.    The  die-casting  shown  at  17, 
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Fig.  23,  in  which  the  brass  ring  at  T  has  been  incorporated,  is  t3T)ical 
of  such  cases.  To  die-cast  pieces  like  those  shown  at  K  in  Fig.  19,  and 
similarly  at  F  in  Fig.  23,  having  inverted  conical  openings,  might  at 
first  thought  seem  diflacult,  but  this  is  entirely  practicable.  Similarly, 
split  bushings  like  those  shown  at  /,  Fig.  19,  and  at  W,  Fig.  23,  may 
be  cast  with  projecting  lugs  for  the  reception  of  screws  for  clamping 
upon  shafts,  etc.,  but  this  construction  should  not  be  used  if  frequent 
tightening  or  loosening  will  be  necessary. 

The  shrinkage  problem  mainifests  itself  in  die-casting  in  the  same 
measure  that  it  does  in  other  casting  operations.     Different  metals 
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shrink  in  different  degrees,  as  will  be  explained  later  on.  However,  one 
important  point  can  be^ mentioned  at  this  time:  that  is,  the  amount  of 
shrinkage  is  often  dependent  upon  the  shape  of  the  piece.     For  in- 
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Stance,  pieces  like  those  shown  at  K  in  Fig.  20  or  at  X  in  Fig.  24,  will 
shrink  very  little  on  account  of  the  fact  tnat  tlie  steel  mold  is  of  such 
shape  that  the  central  core  will  prevent  the  die-casting  from  shrink- 


Flff.  99.    Die-oaetlnira  wbloh  ahow  Lettering  and  Thread  Oaatinga 

ing.  However,  pieces  like  those  shown  at  L  in  Fig.  20,  or  at  V  in  Fig. 
24,  which  have  nothing  to  hold  them  from  pulling  together  as  they 
cool,  will  shrink  to  the  greatest  extent.  All  of  these  points  must  be 
taken  into  consideration  when  designing  work  for  die-casting.  Prac- 
tically no  draft  is  necessary  on  a  die-casting,  except  on  very  deep  sec- 
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tions,  as  indicated  at  J  in  Fig.  20,  where  a  draft  of  0.001  inch  to  the 
inch  is  desirable.  Perfectly  straight  sections,  however,  can  be  cast, 
as  the  shrinkage  of  the  metal  is  usually  enough  to  free  It  from  the 
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It  is  the  opinion  of  the  Van  Wagner  Co.  that  die-casting  costs  can  be 
materially  reduced  If  designers  will  bear  this  point  in  mind  when 
Iringing  out  new  designs.  Even  though  it  is  often  possible  to  cast 
special  pieces,  incorporating  several  parts  in  one,  and  thereby  accom- 
plishing what  seems  to  be  a  great  stunt  to  the  designer,  it  is  some- 
times more  practicable  to  make  the  piece  in  several  sections  and  later 


Flff.  24.    Die-coatiniTS  UlustimtiDir  the  Bxtremes  of  Shrlnkaffo 

assemble  it.  Not  only  is  this  simpler  for'  the  die  caster,  but  it  is  also 
more  economical  for  the  customer.  Such  points  as  avoiding  thin  sec- 
tions, including  large  fillets  at  corners,  as  well  as  taking  account  of 
the  under-cut  problem,  are  simply  matters  of  common  sense,  but  they 
can  profitably  be  considered  by  the  designer. 

The  Van  Wagner  Die-casting  Machine 
The  first  essential   to  good  die-casting  is  a  good  casting  machine. 
Perhaps  the  best  known  types  of  casting  machines  are  of  the  familiar 
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plunger  type,  of  which  there  are  several  varieties,  the  pneumatic  type 
and  the  rotary  or  automatic  type.  (For  descriptions  of  various  types  of 
die-casting  machines,  see  "Die  Casting  Machines,*'  Machinery's  Refer- 
ence Book  No.  108.)  For  the  economical  production  of  die-castings, 
however,  the  hand-operated  machines  are  rather  too  slow,  and  auto- 
matic machines  are  applicable  only  to  a  class  of  work  which  may  be 
made  in  very  large  quantities.  For  these  reasons,  therefore,  the  Van 
Wagner  Co.  employs  the  compressed  air  type  of  die-casting  machine 
which  was  patented  by  Mr.  E.  B.  Van  Wagner  in  1907.  In  the  casting 
department  of  the  Van  Wagner  shop,  illustrated  in  Fig.  17,  there  are 
installed    about    thirty    machines.      Fig.     27     shows    a     die-casting 
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Fig.  26.    Drawlnff  iUuatratinff  Principle  of  Van  Wanner  Dle- 
oastlnir  Machine 

machine  in  the  open  position.  Fig.  26  shows  a  closer  view  of  the  die- 
operating  mechanism  and  Fig.  25  is  presented  to  give  a  general  idea 
of  the  construction  of  the  entire  machine. 

By  referring  to  the  line  illustration  Fig.  25,  which  shows  the  Van 
Wagner  pneumatic  die-casting  machine  in  part,  and  comparing  this 
illustration  with  Fig.  26,  which  shows  the  general  appearance  of  the 
die-operating  and  other  mechanism  of  the  casting  machine,  a  good  idea 
may  be  obtained  of  its  construction  and  working.  At  A  may  be  seen 
ihe  base  of  the  machine  in  which  is  located  the  melting  pot  B.  This 
melting  pot  is  heated  by  means  of  fuel  oil  passing  through  the  supply 
pipe  C  to  the  burners  Cj.  A  vent  pipe  D  is  provided  to  take  away  the 
gases  incident  to  combustion.  The  pressure  for  "shooting"  the  metal 
into  the  die  cavity  is  supplied  by  air  through  the  supply  pipe  E.  A 
valve  controls  this  air  supply.  The  pressure  is  regulated  to  suit  the 
particular  casting  or  die,  the  proper  amount  being  determined  by  ex- 
periment. Similarly,  an  air  exhaust  pipe  F.  which  may  be  seen 
directly  above  the  supply  pipe,  sub-divides  into  two  tubes  which  ex- 


Digitized  by  VjOOQ  IC 


34 


No.  109— DIE    CASTING 


tend  to  the  die  cavity  to  exhaust  the  air  before  the  metal  is  ad- 
mitted. There  are  two  methods  of  overcoming  the  presence  of  air  in 
the  die  cavity — the  exhaust  method  and  the  venting  method,  and  it  is 
the  former  that  is  here  described. 


wig.  aa.    view  of  Machine  ahowlnff  Die-oper»tlxiir  MectaanlBm 

A  "goose-neck"  G,  shown  in  Pig.  25,  serves  to  temporarily  contain 
the  metal  which  is  forced  into  the  mold.  An  amount  of  metal 
slightly  in  excess  of  that  required  for  one  die-casting  is  placed  in  this 
goose-neck  with  a  hand-ladle,  previous  to  each  operation  of  the  machine. 
One  end  of  the  goose-neck  is  connected  to  the  air  pipe,  E,  while  the 
other  end  terminates  in  the  nozzle  Gj.  This  nozzle  may  best  be  seen 
by  referring  to  the  illustration  of  the  machine  shown  in  Fig.  27,  in 
connection  with  Fig.  2o.     One  of  the  advantages  in  using  this  goose- 
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neck  is  that  the  entire  air  pressure  is  expended  upon  the  metal  in  the 
goose-neck,  and,  by  reason  of  its  isolated  position,  the  goose-neck  and  its 
contents  are  kept  slightly  hotter  than  the  contents  of  the  melting  pot. 
The  Die-operating  Mechanism 
The  die-operating  mechanism  of  the  machine  is  contained  within 
a  hinged  framework,  shown  in  position  for  the  removal  of  the  die- 
casting  in  Fig.  27.  Referring  to  Fig.  26,  in  connection  with  the  line 
illustration  Fig.  25,  it  will  be  seen  that  the  die-holding  mechanism  is 
all  supported  upon  the  lower  die-holding  plate  H,  which  is  hinged  to 
the  edge  of  the  base  of  the  machine.  A  lock  J  serves  to  hold  the  dies 
and  operating  mechanism  in  the  upright  operating  position,  and  by 
means  of  a  counterbalance,  suspended  from  an  overhead  rope  which 
connects  with  the  top  of  the  mechanism  at  P,  the  changing  of  the  posi- 


Flff.  27.    Dle-fiBatlng  Ifaohtna  In  Position  for  Removal  of  Oating 

tion  of  this  mechanism  is  easily  effected,  and  when  thrown  into  the 
horizontal  position,  as  indicated  in  Fig.  27.  it  rests  upon  a  support 
while  the  dies  are  being  opened  and  the  castings  ejected. 

The  lower  die  Is  shown  at  77,,  and  the  upper  die  JT,  is  mounted  upon 
the  upper  die-holding  plate  K.  Four  rods  L  act  as  guiding  members 
for  the  upper  die-holding  plate  to  slide  upon.  These  rods  L  are  mounted 
in  fixed  positions  at  the  corners  of  the  lower  die-holding  plate  H.  and 
at  their  upper  ends  the  operating  shaft  supporting  plate  M  is  located 
in  a  fixed  position,  serving  to  support  the  upper  ends  of  these  rods. 
The  position  of  this  plate  M  is  adjustable  upon  the  rods  by  means  of 
check-nuts,  thus  providing  for  the  accommodation  of  thick  as  well  as 
thin  dies.  A  shaft  0  is  supported  in  this  top  plate,  and  by  means  of 
the  operating  lever  :v  working  through  slotted  levers  0„  and  links  O^ 
the  upper  die-holding  plate  and  die  can  thus  be  removed  from  contact 
with  the  lower  die  at  will. 

The  metal  enters  the  die  cavity  through  the  nozzle  G„  and  after 
setting,  it  is  necessary  to  cut  the  sprue  formed  by  the  surplus  metal  that 
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remains  outside  the  die  cavity.  For  this  purpose,  a  sprue^utter, 
operated  by  means  of  hand-lever  Qt,  is  employed.  This  sprue^utting 
lever  is  hinged  in  the  fulcrumed  link  Q„  and  is  held  in  its  casting  posi- 
tion by  means  of  an  adjustable  stop  on  bracket  Q^. 

In  many  dies,  it  is  necessary  that  water  be  circulated  through  the  die- 
blocks  to  keep  them  cool  during  the  die-casting  operation.  In  Fig.  26, 
the  water  pipe  may  be  seen  at  R^  and  hose  pipes  run  from  this  supply 
to  each  side  of  the  die-blocks,  thus  providing  a  cooling  circulation.  In 
this  illustration,  the  pipes  used  for  exhausting  the  air  from  the  die 
cavity  are  apt  to  be  confused  with  the  cooling  pipes,  but  by  following 


Fiff.  28.    Qeneiml  View  of  Trlmmlnff  Department 

the  two  pipes  leading  verticauy  down  to  the  machine,  the  exhaust  (pipes 
may  be  seen  and  kept  distinct  from  the  water  pipes. 

Maklngr  a  Die-castingr 
In  order  to  clearly  understand  the  operation  of  the  die-casting  ma- 
chine, let  us  follow  the  sequence  of  events  that  takes  place  in  producing 
a  casting.  Two  men  are  required  to  operate  the  machine.  In  Fig.  27, 
the  operators  may  be  seen  in  their  working  positions.  The  first  step 
is  taken  by  the  operator  at  the  left  who,  with  a  hand-ladle,  dips  enough 
metal  for  one  casting  from  the  melting  pot  and  pours  it  through  nozzle 
Gt  into  the  goose-neck.  The  second  operator  in  the  meantime  is  replac- 
ing the  cores  in  the  dies,  adjusting  the  position  of  the  sprue-cutter  and 
closing  the  dies  preparatory  to  making  a  casting.  This  being  done,  he 
elevates  the  dies  and  their  operating  mechanism,  which  are  hinged  and 
counterbalanced,  as  previously  described,  bringing  them  to  an  upright 
position.  The  die  operator  now  mounts  the  box,  raises  the  sprue-cutter 
to  its  open  position  to  admit  the  metal;  after  which  the  machine  opera- 
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tor  turns  the  air  valve  with  his  left  hand.  The  operation  of  this  air 
valve  admits  the  air  behind  the  metal,  forcing  it  into  the  die,  and  the 
same  movement  opens  the  exhaust  valve  slightly  in  advance.  The 
exhaust  valve  is  located  upon  the  second  length  of  piping  just  above 
the  air  valve,  and  as  a  link  connects  the  two  valves,  the  single  motion 
exhausts  the  air  from  the  die  cavity  and  immediately  afterward  the  air 
is  admitted  behind  the  metal,  thereby  "shooting"  the  metal  into  the  die. 
This  being  dond,  the  air  is  shut  off  and  the  die  operator  cuts  the  sprue 
by  means  of  lever  Q^,  withdraws  the  cores  in  the  die,  throws  the  dies 
to  the  open  position  (which  is  indicated  in  Fig.  27),  and  operates  the 
ejecting  mechanism,  thus  removing  the  casting  from  the  die.  In  the 
meantime,  the  machine  operator  is  tending  to  his  metal  supply  and 
getting  a  ladle  full  of  metal  ready  for  the  next  die-casting  operation. 
By  referring  to  the  machines  shown  in  Fig.  17,  it  will  be  noticed  that 


Fiir.  20.    Triznmlng  Die-castixxirs  on  »  Filinir  Machine 

only  a  few  are  provided  with  exhaust  piping  for  venting  t^e  dies. 
Another  venting  method  will  be  described  later. 

The  number  of  die-castings  which  can  be  made  on  one  machine  per 
day  of  ten  hours  varies  with  the  character  of  the  pieces  being  die-cast, 
the  number  of  pieces  made  at  each  operation  of  the  machine  and  the 
ease  with  which  the  dies  may  be  worked,  which  depends,  of  course, 
upon  the  number  of  cores  and  parts  to  be  handled  at  each  die-casting 
operation.  The  dies  shown  in  the  machine  in  Fig.  26,  produce  four 
bearings  at  each  operation. 

Trimmingr  Die-castinffs 

At  the  end  of  each  run  the  operators  of  the  machines  go  over  their 
work,  breaking  the  castings  from  the  sprues  and  throwing  out  all  that 
are  defective.  No  matter  how  carefully  the  die-casting  molds  have  been 
made,  there  is  always  a  certain  amount  of  trimming  to  be  done  on  the 
finished  die-castings,  on  account  of  the  crevices  left  in  the  die  for  air 
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vents,  or  which  exist  from  improper  fitting  of  the  parts  of  the  dies. 
These  "fins,"  as  they  are  called,  are  trimmed  by  hand  operators  in  a 
special  department.  A  general  view  of  this  trimming  room  is  shown 
in  Fig.  28.  Usually  it  is  sufficient  to  scrape  these  fins  off  with  a  scraping 
knife,  but  if  the  casting  is  especially  difficult  to  produce,  so  that  a  large 
opening  is  required  to  admit  the  metal,  it  is  sometimes  necessary  to 


A  TyploAl  Di«-OMtinff  Mold 


trim  unusually  thick  sprue  sections  by  filing.     Fig.  29  illustrates  the 
method  of  trimming  such  die-castings  on  a  filing  machine. 

The  Dies  Used 

Next  to  the  casting  machine,  the  dies  or  molds  are  the  most  impor- 
tant necessary  factor.  A  general  view  of  the  Van  Wagner  Co.'s  die- 
making  department  is  shown  in  Fig.  30.  In  order  to  gain  a  proper 
conception  of  the  work  required  in  producing  a  high-grade  die-casting 
mold,  we  will  follow  the  different  steps  which  are  necessary  in  making 
the  mold.  The  first  and  most  important  step  is  the  proper  planning  of 
the  die.    Before  any  work  at  all  can  be  done,  It  is  necessary  to  plan  the 
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die,  i.  e^,  to  decide  just  where  the  parting  lines  will  come;  just  what 
method  will  be  used  for  ejecting  the  piece;  what  alloy  will  be  used; 
where  the  casting  will  be  gated;  and  a  hundred  and  one  minor  points, 
all  of  which  have  a  direct  bearing  upon  the  performance  of  the  finished 
dies.  All  these  decisions  have  to  be  made  by  the  diemaker,  and  in  Fig. 
37  he  is  shown,  micrometer  in  hand,  computing  the  shrinkage  allow^ 
ances  that  he  will  make  in  the  dies.  This  is  a  very  important  factor  on 
accurate  work  as  the  shrinkage  varies  from  0.001  to  0.004  inch,  accord- 
ing to  the  alloy  and  the  general  shape  of  the  piece. 

Before  taking  up  the  actual  machining  operations  of  the  mold-making 
as  conducted  in  this  factory,  it  will  be  well  to  take  a  typical  die-casting 
mold  and  note  its  general  construction.  Fig.  31  shows  a  typical  die- 
casting  mold  closed,  while  Fig.  32  shows  the  same  mold  disassembled  on 


Piff.  82.    Dte-caattnff  Mold  shown  In  Vlg.  81,  disassembled 

the  bench  to  show  its  construction.  The  piece  for  which  the  mold  has 
been  made  is  also  shown.  Fig.  33  shows  a  similar  die  in  section.  From 
the  three  illustrations  a  good  idea  of  an  average  die-casting  mold  can 
be  obtained.  Referring  to  these  illustrations,  the  principal  parts  of  this 
die  are  the  ejector  box  A,  and  the  ejector  plate  B  which  is  operated  by 
the  racks  C.  For  operating  the  ejector  plate,  the  pinion  shaft  D  having 
a  handle  suitable  for  turning,  is  furnished.  This,  of  course,  fits  into  a 
bored  hole  in  the  ejector  box,  bringing  the  pinion  into  mesh  with  the 
racks  for  raising  the  ejector  plate.  In  the  ejector  plate  are  three  ejector 
pins  E  for  removing  the  casting  from  the  mold.  The  ejector  pins 
operate  through  holes  F.  Beyond  the  pinion  shaft  may  be  seen  the 
casting  for  which  this  mold  has  been  made.  It  will  be  noticed  that 
the  top  side  of  the  casting  has  three  projecting  lugs  through  which  are 
small  holes.  Provision  for  forming  this  side  of  the  die-casting  is  made 
in  the  lower  half  of  the  mold  G,  while  the  upper  half  of  the  die-casting 


Digitized  by  VjOOQ  IC 


MACHINES  AND  METHODS 


41 


lO^ 


Is  taken  care  of  by  the  top  plate  H.  One  of  the  toggles  for  operating  the 
core  pins  through  these  three  lugs  is  shown  at  /.  These  parts  will  be 
described  more  fully  later.  The  sprue  cutter  is  shown  in  position  in 
the  die  at  /. 

MaohinlnfiT  the  Die  Cavities 

As  will  be  noticed  from  Fig.  30,  the  machinery  in  the  die-making 
department  is  of  modern  design,  for  no  other  class  of  work  demands  as 
good  tool  equipment  and  as  much  skill  in  the  making  as  die-casting 
molds.    The  die>blocks  are  made  of  machinery  steel.    Fig.  34  illustrates 

the  first  step  in  making  a 
die-casting  mold  after  the 
die-block  has  been  shaped 
approximately  to  size.  This 
operation  consists  in  care- 
fully facing  oft  the  die  sur- 
faces on  a  vertical-spindle 
grinding  machine.  This,  of 
course,  is  a  quick  method  of 
surfacing  the  die-block,  and 
it  insures  that  the  top  and 
bottom  surfaces  of  these 
plates  will  be  parallel,  per- 
mitting the  die-faces  to  come 
together  properly. 

The  next  step  consists  of 
laying  out  the  die,  as  shown 
in  Fig.  36.  This  is  done  in 
the  usual  manner,  by  work- 
ing on  a  coppered  surface, 
using  dividers,  scales,  and  a 
center  punch.  When  laying 
out  the  die,  the  necessary 
allowances  are  made  for 
shrinkage  and  finish,  these 
points  having  been  planned 
before  actual  work  on  the 
die  has  been  started.  As  in 
other  phases  of  die-work, 
the  machining  operations 
are  performed,  as  far  as  pos- 
Fifir.88.  8aotiontiaroaffh»Di*K»«tinffMoui        g^jig^  before  any  hand-work 

is  done.  In  Fig.  38  may  be  seen  a  die-maker  turning  the  cavity  in  a 
part  of  the  die-casting  mold.  The  highest  type  of  skilled  workman- 
ship is  called  for  on  this  machine  work,  and  as  may  be  surmised  from 
Fig.  38,  where  the  die-maker  is  shown  measuring  the  die  with  a  vernier 
caliper,  the  measurements  must  be  exact,  for  no  grinding  operations 
follow  the  machine  work. 
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Figs.  35  and  39  show  typical  milling  operations  being  performed  on 
die-casting  molds.  In  Fig.  39  the  dlemaker  is  shown  indicating  a  pin 
in  one  corner  of  the  mold  cavity^  preparatory  to  doing  additional  mill- 


Flg.  84.    First  step  la  making  the  Mold^Orindlnff  Surteoes  of  Blooks 

ing.  The  block  is  held  in  the  usual  manner  by  being  clamped  on  the 
bed  of  the  milling  machine,  and  after  it  has  been  properly  located  under 
the  cutter  head,  tools  are  substituted  for  the  indicator  and  the  milling 
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Fig.  86.    A  MiUlng  Operation  on  a  Die 

of  the  cavity  is  completed.  Fig  35  shows  one  of  the  sections  of  the  die- 
casting  mold  which  is  to  be  used  in  producing  the  casting  shown  at 
the  right  of  the  work.    In  this  case  the  diemaker  is  milling  the  recess 
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plate  being  held  against  the  under  side  of  the  die-plate  by  means 
of  the  pinion  shaft  The  operation  being  done  is  the  drilling  of 
the  ejector  pin  holes.  Referring  back  to  Fig.  32,  which  by  the 
way  shows  the  die  here  illustrated  disassembled,  the  holes  being 
drilled  are  those  shown  at  F  for  the  reception  of  the  pins  E.  The 
method  employed  is  to  drill  the  holes  through  the  die  and  into  the 


Plff.  89.    IndioatlBff  •  Mold  on  the  MiUinff  ICaohlna 

ejector  plate,  afterward  reaming  all  holes  to  size  and  driving  the  pins 
into  position  in  the  ejector  plate,  while  they  are  allowed  to  slide  freely 
through  the  die-plate.  We  will  now  assume  that  the  ejector  box  and 
plate  have  been  completed  and  fitted,  a  pinion  shaft  for  operating  this 
plate  also  fitted,  the  lower  and  upper  dies  completed  by  the  machining 
operations  previously  described,  and  all  assembled.  The  final  oper- 
ation of  the  fitting  of  the  pins  is  shown  in  Fig.  41  in  which  the  die- 
maker  may  be  seen  filing  off  the  ends  of  these  pins  so  that  when  dropped 
to  the  lower  position  they  will  He  fiush  with  the  surface.  If  of  uneven 
lengths,  these  pins  will  cause  irregular  spots  in  the  casting.  It  now 
remains  to  describe  the  toggles  used  for  operating  the  cores  which  form 
the  holes  through  the  three  lugs  in  the  casting.  One  of  these  toggles, 
of  which  there  are  three,  is  shown  at  /.  In  Fig.  31,  and  also  in  Fig.  32. 
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These  toggles  consist  of  brackets  wHich  are  attached  to  the  die-plate, 
and  levers  which  are  fulcrumed  at  the  ends  of  the  brackets  so  that 
their  operation  works  the  core  pins.  It  Is  necessary  to  remove  these 
core  pins  after  each  casting  has  been  made  and  position  them  before 
another  casting  can  be  produced. 

The  fitting  of  the  parts  of  a  die-casting  mold  is  one  of  the  most 
important  parts  of  the  work.     It  demands  the  highest  type  of  work- 


Fiff.  40.    Drllllxur  tba  BJeotor-pln  Holes 

manship,  for  a  poorly  fitted  die  means  a  die  which  works  hard  in 
addition  to  producing  poor  castings.  It  is  very  important  that  all  mov- 
able parts  should  work  freely.  Fig.  42  shows  the  assembling  operation 
on  a  die-casting  mold,  the  casting  which  is  to  be  duplicated  being 
shown  in  the  immediate  foreground.  These  parts  must  all  be  screwed 
Into  their  respective  places,  making  the  joints  as  nearly  air-tight  as 
possible.  One  cause  of  poor  die-castings  arises  from  the  trapping  of 
air  in  the  die,  and  different  methods  are  employed  for  overcoming  this 

trouble. 

Venting  the  Dies 

There  are  two  methods  of  preventing  air  from  being  trapped  in  die- 
casting  molds;  either  by  constructing  the  dies  so  that  the  air  may  be 
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exhausted  from  the  mold  cavity  before  admitting  the  metaU  or  by 
>yenting  the  die  so  that  the  air  may  be  forced  out  by  the  inrushing 
metal.  In  the  first  of  these  methods  it  is  necessary  that  the  Joints  in 
the  mold  be  made  as  close  as  possible,  otherwise  it  will  be  impossible  to 
produce  anything  like  a  vacuum  in  the  mold  cavity.  If,  however,  it 
has  many  parts  which  must  be  fitted,  it  is  usually  considered  advisable 
to  provide  the  die  with  vents  consisting  of  milled  recesses  a  few  thous- 
andths inch  deep.    Several  vents  are  provided,  from  which  the  air  can 


Fiff.  41.  Fittinar  EJector-pina 

escape  when  the  metal  is  admitted  to  the  dies.  The  hot  metal,  of 
course,  "shoots"  through  them  in  thin  ribbons,  but  not  enough  escapes 
to  affect  the  pressure  on  the  metal  which  goes  into  the  casting. 

No  matter  how  carefully  a  die  may  have  been  constructed,  or  how 
carefully  it  has  been  assembled,  there  is  always  a  certain  amount  of 
"babying**  to  be  done  before  it  will  work  satisfactorily.  The  casting 
may  stick  a  little  here,  or  there  may  be  a  rough  spot  there,  and  it  is 
the  successful  elimination  of  these  troubles  which  constitutes  the  pro- 
duction of  a  good  die-casting. 
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Dle-oastlnir  Metals 
One  of  the  purposes  of  this  book  is  to  correct  several  erroneous  im- 
pressions which  are  prevalent  in  regard  to  die^asting  possibilities. 
Many  people  seem  to  think  that  nearly  all  metals  can  be  die-cast,  but  as 
a  matter  of  fact,  those  metals  which  can  be  successfully  die-cast  can  be 
numbered  on  the  fingers  of  one  hand,  being  alloys  of  lead,  zinc,  tin, 
copper  and  antimony.  The  tin  base  metals  shrink  very  little,  while  the 
zinc  base  metals  shrink  considerably,  and  those  with  a  large  per 
cent  of  aluminum  have  a  very  high  shrinkage.  Without  doubt,  the 
most  used  die-casting  metals  are  the  zinc  base  metals.  A  typical  metal 
of  this  class  contains  about  85  per  cent  zinc;  8  per  cent  tin;  4  per  cent 
copper  and  3  per  cent  aluminum.    The  melting  point  of  this  metal  is 


Flff.  42.    A— enabling  a  Dl^-casUnff  Mold 

about  850  degrees  F.  While  this  alloy  is  one  of  the  most  common, 
it  is  not  by  any  means  the  best,  as  there  is  too  little  tin  employed,  but 
it  is  a  comparatively  cheap  metal,  which  probably  accounts  for  its  large 
use.  This  metal  is  easily  afPected  by  heat  and  cold,  and  rapidly  de- 
teriorates with  age.  The  lead  base  metals  may  be  typified  by 
an  alloy  containing  80  per  cent  lead;  15  per  cent  antimony;  4  per  cent 
tin;  and  1  per  cent  copper.  This  composition  melts  at  approximately 
550  degrees  P.  and  is  used  for  castings  subjected  to  little  .wear  and 
where  no  great  strength  is  required.  The  weight  of  this  metal  is  its 
greatest  objection,  and  it  is  also  quite  brittle  because  of  the  large  per- 
centage of  antimony. 

For  the  best  class  of  die-castings,  the  tin  base  metals  are  employed. 
These  range  from  60  to  90  per  cent  tin,  and  from  2  to  10  per  cent 
copper,  together  with  a  little  antimony.  The  melting  point  of  a  mixture 
of  this  composition  is  about  675  degrees  F.  The  castings  have  a  good 
color  and  they  are  much  better  in  quality  than  any  of  the  other  alloys. 
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It  is  absolutely  essential  that  tin  base  metals  be  used  for  carbureter 
parts  or  other  parts  coming  in  contact  with  gasoline.  Also,  the  tin 
base  metals  must  be  used  for  parts  which  come  in  contact  with  food 
products,  as  the  lead  or  zinc  alloys  have  a  contaminating  effeot. 

Aluminum  alloys  have  been  cast  in  France  and  Germany  in  limited 
quantities,  but  very  seldom  in  this  country  on  account  of  their  high 
melting  point,  as  well  as  their  effect  upon  the  die.  After  aluminum 
alloys  have  been  run  in  the  dies  for  a  short  time,  the  surfaces  of  the 
molds  become  pitted.  Through  some  unexplained  cause,  the  metal  seems 
to  flake  out  particles  of  the  steel  in  the  molds.  When  an  aluminum 
alloy  is  to  be  used,  a  good  mixture  is  80  per  cent  aluminum,  3  per  cent 
copper  and  17  per  cent  zinc.  This  alloy  has  a  high  shrinkage  and  it 
has  also  the  same  deteriorating  efPect  upon  the  dies,  but  to  a  much  less 
degree  than  pure  aluminum. 
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INTRODUCTION 

Although  it  had  been  found  possible  as  early  as  1850  to  extrude  such 
metals  as  lead  and  tin  and  thus  form  pipes  and  bars,  the  extrusion 
process  had  not,  at  that  time,  been  successfully  applied  to  the  shaping, 
by  means  of  extrusion,  of  such  metals  as  copper,  delta-metal,  etc.  It 
was  when  Alexander  Dick,  the  inventor  of  the  delta-metal,  made  some 
experiments  with  this  material  under  high  pressure  and  at  high  tempera- 
ture, during  the  latter  part  of  the  eighties,  that  it  was  first  shown  that 
this  material  could  be  extruded  in  a  heated  state.  There  were,  however, 
several  difficulties  to  overcome.  The  extrusion  process,  as  is  well  known, 
consists  of  hot  plastic  metal  being  pressed  through  a  form  or  die  at  high 
pressure,  so  that  a  continuous  bar  or  pipe  of  the  cross-section  of  the 
die  or  form  is  produced.  Lead  and  tin  can  be  extruded  at  comparatively 
low  temperatures  (250  degrees  F.),  but  copper  and  similar  metals  re- 
quire temperatures  all  the  way  up  to  1750  or  1800  degrees  F. 

The  main  difficulties  to  be  overcome  are  to  maintain  the  high  tem- 
perature and  plasticity  of  the  metals  during  the  extrusion,  and  to  make 
press  cylinders  and  dies  which  will  be  able  to  withstand  the  effect  of 
the  high  temperaturee  and  pressures.  The  first  condition  was  met  by 
Dick  by  filling  the  press  cylinder  with  molten  metal  and  by  surrounding 
it  with  heat  insulating  material,  such  as  ground  granite.  In  order  to 
prevent  the  heated  metal  from  forcing  itself  between  the  plunger  and 
the  cylinder,  when  the  pressure  was  applied,  a  spherical  steel  piston  was 
employed  which  spread  when  the  pressure  was  applied,  and  in  this 
way  effectively  closed  the  cylinder  behind  the  metal. 

The  advantages  of  the  extrusion  process,  as  compared  with  the  ordi- 
nary rolling  and  drawing  process,  soon  became  apparent.  The  extrusion 
process  permitted  parts  of  unusual  cross-section  to  be  produced  in  great 
quantities.  In  fact,  sections  could  be  extruded  which  could  not  be  rolled 
under  any  circumstances.  In  Fig.  26  is  shown  a  number  of  special 
sections  which  have  been  produced  by  extrusion.  On  account  of  the 
high  pressure  under  which  the  metal  is  extruded  it  becomes  more  com- 
pact and  its  strength  is  increased.  The  extruded  shapes,  therefore, 
possess  those  qualities  which  make  them  especially  useful  in  machine 
design  The  surfaces  are  smooth,  and  free  from  flaws  and  other  defects. 
The  dimensions  of  the  extruded  shapes  can  be  gaged  with  great  ac- 
curacy, so  that  they  may  be  used  either  directly  or  with  very  little 
additional  finishing.  After  the  advantages  of  the  new  method  had 
become  known,  it  was  soon  adopted  and  further  developed  by  many 
different  individuals  and  concerns. 
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CHAPTER  I 

THE  EXTRUSION  PROCESS 

The  extrusion  process  for  manufacturing  metal  shapes  for  various 
purposes  is  rapidly  growing  in  favor.  Intricate  shapes  can  be  made  by 
this  process  that  would  be  impossible  to  roll  and  that  would  be  very 
expensive  to  machine;  and  shapes  that  could  be  rolled  can  be  produced 
more  accurately  to  size  by  the  extrusion  process  than  by  rolling,  and 
can  also  be  made  from  various  kinds  of  metals.  While  the  principle 
on  which  this  process  operates  is  a  very  old  one,  it  was  not  a  com" 


Plff .  5.    Barly  Press  for  Making 
LMd  Rods 


Plflr.  6.    Principle  of  Press  for 
Maklnff  Leed  Pipe 


mercial  success  until  the  hydraulic  press  was  enough  developed  to  be 
used  for  this  purpose.  During  the  past  two  decades  many  improve- 
ments have  been  made  that  have  enabled  shapes  to  be  made  quicker  and 
cheaper,  and  of  metals  that  are  stronger,  harder  and  tougher  than 
those  formerly  used.  The  great  progress  in  metallurgy  also  has  pro- 
duced strong  alloys  that  could  be  more  easily  extruded. 

In  Fig.  1  is  shown  one  of  the  latest  types  of  machines  used  for 
extruding  or  squirting  solid  metal  alloys  through  metal  dies  info  the 
required  shapes.  Like  most  other  machines  of  the  present  day,  the  one 
shown  has  evolved,  or  gradually  grown,  from  a  crude,  simple  device.  It 
has  required  the  services  of  many  engineers  and  mechanics  and  over  a 
century  of  time,  to  develop  it  to  its  present  state.  The  alloys  and  the 
methods  of  extruding  them  have  also  passed  through  the  same  evolu- 
tion.    Notwithstanding  this,  some  manufacturers  very  zealously  guard 
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the  methods  employed  in  producing  extruded  shapes  as  secret  processes. 
Like  many  other  methods,  however,  they  are  secret  in  name  only,  and 
the  details  can  always  be  obtained  by  those  who  make  a  study  of  this 
subject. 

Historical  Review 

The  first  patents  on  record  were  taken  out  in  England  in  1797.  Lrike 
the  die-casting  process,  the  extrusion  process  started  by  using  lead 
for  the  metal  to  be  extruded.  Lead-tin  alloys  were  used  later,  and 
these  developed  into  the  lead-tin-antimony  compositions  that  are  used 
for  type  and  anti-friction  metals,  and  led  the  way  to  the  copper-zinc 
alloys  that  may  contain  small  percentages  of  aluminum,  lead,  nickel, 
iron  or  other  ingredients. 
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Flff.  7.    Machine  for  Making  Ijead  Sheets 

One  of  the  first  forms  of  extrusion  machines  is  shown  in  Pig.  5.  In 
this  the  cylinder  was  packed  full  of  lead  and  the  whole  heated  so  that 
the  hand-screw  would  squirt  the  lead  out  at  the  end  in  the  form  of  a 
lead  rod  of  the  shape  or  size  desired.  The  lead-tin  alloys  used  for 
soldering  were  made  into  rods  in  a  similar  manner.  The  next  step  was 
to  put  a  rod  in  the  center  of  the  plunger  as  shown  in  Fig.  6.  This 
rod  partly  filled  the  opening  through  which  the  metal  passed,  so  that 
the  latter  was  extruded  in  the  shape  of  a  tube.     This  simple  tool  was 
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presented  other  diffifculties  due  to  the  sharp  corners  in  the  cylinder. 
Therefore,  the  lead  ing^ots  were  cast  in  a  mold  of  the  shape  shown  in 
Fig.  3,  and  the  tin  ingots  were  cast  in  another  mold  that  would  make 
them  fit  the  inside  of  the  lead  ingot.  Another  difficulty  encountered 
was  due  to  the  uneven  heating  of  the  dies,  and  they  were  jacketed  as 
shown  in  Fig.  4,  so  that  steam  or  water  could  be  circulated  through 
them.  In  this  way  the  die  could  be  heated  up  to  the  required  tem- 
perature before  starting  to  make  pipe,  and  maintained  at  this  tempera- 
ture while  running. 
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FlsTS.  ID  and  1 1.    Other  Devices  for  Maklnflr  Carved  Pipe.        Fig.  12.    Ex- 
truded Shape  used  for  Leaded  Glass  Windows 

In  1869,  A.  H.  Hamon  of  Paris,  France,  patented  the  hydraulic  press 
shown  in  Fig.  8  for  manufacturing  tin-lined  lead  pipe.  In  this  the  lead 
ingot  that  surrounded  the  hollow  tin  ingot  was  placed  in  the  cylinder 
at  A,  and  ram  D  was  operated  to  force  the  metal  through  the  die  at  C 
and  the  opening  at  B,  where  it  was  coiled  onto  a  reel.  A  blast  of  hot 
air  or  steam  was  sent  through  the  ports  E  to  bring  the  metal  to  the 
correct  temperature  for  extrusion.  This  temperature  was  below  the 
melting  point  of  the  tin,  but  high  enough  to  make  the  mass  pasty,  so 
that  it  could  easily  be  extruded  through  the  die.  This  design  is  prac- 
tically the  same  as  that  of  the  extrusion  machines  of  the  present  day. 
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Some  details  have  been  improved,  however,  and  metals  of  a  higher 
meltinr  temperature  can  be  extruded.  Thus,  some  of  the  more  plastic 
brasses  are  now  made  into  commercial  shapes. 

In  1873,  Robert  Cunningham  patented  a  device  for  making  curved  pipe 
for  water  traps,  and  a  re-issue  of  this  patent  was  granted  in  1881.  This 
device  is  shown  in  Fig.  9.  It  can  be  attached  to  any  machine  that  con- 
tains hot  lead  and  the  required  mechanism  for  squirting  the  lead 
through  it.  The  diaphragm  A  moves  back  and  forth  through  case  B. 
Its  center  hole  will  thus,  at  times,  be  eccentric  with  the  interior  open- 
ing of  the  case,  and,  thereby,  control  the  volume  of  metal  that  passes 
through  this  opening  on  different  sides.  When  the  hole  in  the  dia- 
phragm is  central  with  the  case,  the  volume  of  metal  that  passes  through 


Flff.  18.    Method  of  Tube  ICaklng 

on  all  sides  of  core  C  will  be  equal,  and  the  extruded  pipe  will  be 
straight,  as  shown  in  the  upper  right-hand  corner  of  the  illustration. 
When  the  diaphragm  is  moved  to  the  left,  however,  the  largest  volume 
of  metal  will  pass  on  the  left-hand  side  of  core  C,  and  the  pipe  will 
curve  to  the  right,  as  shown  in  the  lower  left-hand  view.  When  dia- 
phragm A  is  pushed  to  the  right,  the  volume  of  metal  will  be  largest 
on  the  right-hand  side,  and  the  pipe  will  curve  in  the  opposite  direc- 
tion. Thus,  by  pushing  this  diaphragm  to  the  right  and  left  the  re- 
quired  distance,  traps  can  be  made  as  shown  in  the  lower  right-hand 
view,  and  these  can  be  given  any  desired  form. 

Another  method  of  accomplishing  the  same  results  is  shown  in  Fig. 
10.  In  this  case  the  volume  of  metal  on  different  sides  of  the  core  is 
controlled  by  two  rams.  When  rams  A  and  B  are  forced  in  at  an 
equal  speed,  the  metal  coming  out  around  core  C  will  be  equal  in 
volume  on  all  sides  and  the  pipe  will  be  straight.  If  ram  A  is  made 
to  travel  faster  than  ram  JB,  the  volume  of  metal  to  the  right  of  core  C 
will  be  the  greater,  and  the  pipe  will  curve  to  the  left.  If  ram  B 
is  made  to  travel  faster  than  A,  the  volume  of  metal  to  the  left  of  core 
C  will  be  the  greater,  and  the  pipe  will  curve  in  the  opposite  direction. 

In  Fig.  11  is  shown  still  another  device  that  performs  the  same  work. 


Digitized  by  VjOOQ  IC 


THE  EXTRUSION  OF  METALS 


11 


In  this  case  ram  A  is  made  in  two  halves,  each  of  which  can  be  driven 
at  a  different  speed.  Hence,  the  metal  on  either  side  of  partition  B 
can  be  forced  through  the  opening  around  core  C  in  varying  volumes. 
This  causes  the  lead  pipe  to  curve  in  either  direction  as  much  as  de- 
sired, or  extrudes  it  in  a  straight  line. 

The  softer  metals  were  also  extruded  in  other  shapes  for  various 
purposes,  such  as  printers'  leads,  shapes  for  holding  glass  in  leaded 
glass  windows  (as  shown  in  Fig.  12),  etc.  Very  thin  metals  used  for 
metal  foil  were  also  produced.  These  latter  were  made  from  lead-tin 
alloys,  and  many  different  compositions  were  used  to  get  stronger, 
tougher  and  better  wearing  metals  than  pure  lead.    Very  thin  tubes. 
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Fig.  14.    Ook*-flr«d  Intfot  Ck>n(Ainer 

such  as  are  used  for  artists'  paints  and  similar  materials,  were  also 
made  by  a  similar  process.  At  A  in  Fig.  13  is  shown  a  disk  of  metal 
with  plunger  B  in  position  to  be  forced  down  into  it.  At  C  the  plunger 
is  shown  at  the  bottom  of  its  stroke  and  the  tube  is  completely  formed. 
The  grids  or  plates  for  secondary  batteries  were  made  by  the  extrusion 
process  as  much  as  twenty-ilve  years  ago.  These  consist  of  narrow 
strips  of  metal  crossing  each  other,  and  Joined  at  the  intersections  so 
as  to  form  hollow  squares.  They  often  have  more  than  one  hundred 
squares  in  them.  They  were  made  by  extruding  a  long  cellular  mass 
which  was  later  cut  up  into  thin  grids. 

When  metals  or  alloys  with  a  higher  melting  temperature  than  the 
lead  and  tin  first  used  were  formed  into  various  shapes  by  the  extru- 
sion process,  several  problems  other  than  that  of  a  powerful  machine 
presented  themselves.  One  of  the  greatest  of  these  problems  was  that 
of  the  temperature.  It  was  very  desirable  to  be  able  to  extrude  brasses 
and  bronzes,  as  they  were  much  stronger  than  alloys  with  a  lead  or 
tin  base.     It  was  necessary  to  keep  the  temperature  below  the  fusion 
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point,  as  otherwise  it  would  be  difficult  to  cool  the  extruded  shape  to 
the  solid  state  before  it  left  the  die.  Also,  if  the  metal  was  too  soft 
when  being  extruded,  it  would  not  be  subjected  to  the  compression 
required  to  give  it  the  additional  strength  that  made  the  process  really 
valuable.    On  the  other  hand,  if  the  temperature  was  not  high  enough. 


Maehinery 


Fifr.  16.    Steel  and  ABbestoe  Container 

the  metal  would  not  extrude  through  the  die  opening,  and  the  billet 
would  spread  in  the  cylinder  or  container,  grip  the  side  walls,  and  thus 
become  wedged  in. 
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Flfr.  16.    Oaat  Container  -with  Layers  of  Heat-lnsulatinflr  Materials 

It  was  also  difficult  to  find  a  metal  for  the  dies  that  would  withstand 
the  strains  produced  by  the  hydraulic  ram.  or  keep  cool  enough  when 
the  heated  metal  was  being  forced  through.  It  was  found,  however, 
that  tungsten  steel  would  not  soften  enough  to  be  pressed  out  of  shape 
when  brasses  and  bronze  were  extruded  at  a  temperature  just  below 
the  melting  point.  To  maintain  this  temperature  while  the  whole  billet 
was  being  extruded  was,  however,  difficult.     This  difficulty  was  finally 


Digitized  by  VjOOQ  IC 


THE  EXTRUSION  OF  METALS 


13 


overcome  by  designing  special  billet  containers,  and  these  are  now  a 
part  of  all  extruding  machines. 

Billet  Gontainers 

One  of  the  first  designs  of  this  tjrpe  was  patented  by  George  A.  Dick 
in  England  In  1893.  This  device  is  shown  in  Fig.  14,  in  which  A  is 
the  billet  of  metal  that  is  being  extruded;  B,  the  cylinder  or  billet 
container;  C,  a  case  built  around  the  container;  and  D,  a  passage 
through  which  the  flames  from  a  coke  or  coal  flre  were  passed.  With 
this  apparatus,  copper  and  zinc  alloys  that  were  red  hot  and  plastic  at 
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Flff.  17.    Another  Type  of  Oast  Container 

from  800  to  900  degrees  F.,  were  successfully  extruded.  When  the  bil- 
let was  inserted  in  the  container,  a  disk  similar  to  those  shown  at  F 
was  placed  over  the  end  of  the  ram  E.  This  disk  will  spread,  fit  the 
wall  of  the  container  tightly,  and  prevent  the  metal  in  the  billet  from 
squeezing  back  past  the  ram  and  wedging  it.  These  disks  were  made 
from  metal  with  a  higher  melting  temperature  and  less  plasticity  than 
the  metal  being  extruded. 

While  this  device  worked  better  than  anything  previously  used,  it 
was  difllcult  to  control  the  coke  flre  so  as  to  maintain  a  uniform  tempera- 
ture. Another  difficulty  was  met  with  in  trying  to  conduct  the  heat 
away  from  the  head,  owing  to  the  thickness  of  the  metal  that  had  to  be 
used  to  withstand  the  pressure  exerted  by  the  hydraulic  ram.  As  con- 
siderable heat  was  given  out  by  the  billet,  and  the  penetration  through 
the  thick  cylinder  wall  was  slow,  the  exterior  would  be  much  cooler 
than  the  interior.  This  caused  unequal  expansion  and  contraction,  and 
frequently  resulted  in  cracks  and  fractures.  Hence,  a  built-up  head  or 
billet  container  was  designed,  having  alternate  layers  of  steel  and 
asbestos. 
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One  of  the  first  built-up  containers  is  illustrated  in  Fig.  15.  This  also 
was  designed  by  Mr.  Dick  in  the  same  year  as  the  coke-fired  container. 
Most  of  those  in  use  at  the  present  time  are  built  on  this  principle;  A 
is  the  billet;  B,  the  tapered  container  that  fits  into  a  tapered  hole  In 
the  built-up  cylinder;  D,  the  ram;  E,  the  openings  between  the  steel 
rings  F,  which  are  packed  full  of  asbestos;  and  G,  the  die  through 
which  the  billet  is  extruded. 

By  surrounding  the  walls  with  several  layers  of  refractory  material, 
like  asbestos,  supported  by  steel  rings,  the  heat  was  prevented  from 
penetrating  the  cylinder  walls.  By  thus  keeping  the  cylinder  at  a 
lower  temperature,  it  had  greater  power  to  resist  the  pressure  from 
the  ram;  and  by  retaining  the  heat  in  the  billet,  its  temperature  was 


Fiff.  18.    Heat  Insolation  forced  Into  Place  by  Pump 

kept  more  uniform,  and  it  could  be  more  easily  extruded.  This  design 
also  greatly  reduced  the  unequal  expansion  and  contraction  and  the 
consequent  cracking  and  breaking.  These  cylinders,  or  containers, 
enabled^  the  extrusion  process  of  manufacturing  metal  shapes  to  become 
much  more  of  a  commercial  success,  and  to-day  many  parts  are  being 
manufactured  more  economically  In  this  manner  than  they  formerly 
were  by  casting  in  sand  molds. 

Following  the  Dick  designs,  many  forms  of  billet  containers  have 
been  designed.  Fig.  16  shows  one  in  which  the  outer  case  A  and  steel 
rings  F  were  cast  in  one  piece.    After  the  billet  container  B  had  been 
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put  into  position,  the  openings  were  packed  with  heat-insulating  mate- 
rials, and  ring  H  was  screwed  into  the  case.  In  Fig.  17  cores  were 
made  from  broken  granite,  scrapstone,  trap-rock  or  other  suitable  heat- 
insulating  materials,  and  these  were  located  in  the  mold  and  the  case 
cast  solidly  around  them.  Billet  container  B,  however,  was  inserted 
as  a  separate  piece,  because  this  part  wears  and  must  be  replaced,  while 
the  container  proper  may  last  indefinitely.  It  is  not  always  possible  to 
manufacture  cylinders  in  this  way,  as  the  metal  from  which  they  are 
cast  may  shrink  much  more  than  the  refractory  material  in  the  cores. 
This  is  almost  sure  to  cause  a  fracture  in  the  casting  when  it  is  solidi- 
fying. A  style  in  which  the  cylinder  is  cast  hollow  is  shown  in  Fig.  18. 
After  the  billet  container  B  has  been  placed  in  position,  the  hollow  space 


Flff.  10.    Container  -wonnd  -with  Wire  and  Aabeetoe  Ineulation 

is  filled  with  refractory  materials  like  glass,  sand,  etc.,  by  forcing  these 
materials  through  valve  /,  with  a  force  pump,  as  shown. 

In  Fig.  19,  lining  B  is  wound  with  asbestos-covered  fiat  wire  and 
the  cylinder  clamped  together  over  this  with  bolts.  The  form  of  wire 
shown  at  J  is  used,  and  the  coils  are  separated  by  rings  of  asbestos. 
This  retains  the  heat  and  strengthens  lining  B  enough  to  prevent  it 
from  bulging  or  cracking  under  the  pressure  transmitted  by  the  ram. 
The  rings  of  asbestos  may  be  left  out,  and  the  covered  wire  wound 
in  solid,  or  it  may  be  wound  alternately  with  strips  of  asbestos  of  the 
same  size,  staggered.  A  sectional  view  would  then  present  the  ap- 
pearance of  a  checker  board. 

Electrically-heated  Container 
One  of  the  latest  types  of  cylinders  is  arranged  so  that  the  ingot  to 
be  extruded  can  be  electrically  heated.  Not  only  the  cylinder,  but  the 
die-block  and  the  end  of  the  ram  also  can  be  similarly  heated.  This 
is  shown  in  Fig.  20.  Here  A  is  the  ingot  that  is  being  extruded;  B, 
the  billet  container;  C,  the  cylinder;  D,  the  ram  or  plunger;  and  E, 
the  winding  of  metallic  tape  which  has  enough  resistance  to  impede  the 
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current  and  generate  the  heat.  A  section  of  this  tape  is  shown  at  X. 
It  is  usually  made  of  copper  and  covered  with  some  insulating  material. 
The  insulation  that  confines  the  electric  current  and  prevents  it 
from  entering  other  parts  of  the  machine  is  shown  at  F;  G  is  the  die, 
and  H  the  die  block,  which  may  also  be  electrically  heated  by  construct- 
ing it  as  shown  at  Y.  The  end  of  the  ram  D  may  be  electrically  heated 
by  constructing  it  as  shown  at  Z.  This  would  entirely  surround  the 
billet  with  electric  heating  apparatus. 

In  extruding-machines  or  processes,  the  billet  is  heated  to  the  proper 
temperature  before  it  is  placed  in  the  cylinder,  and  hence  the  only  thing 
required  is  a  maintenance  of  this  temperature  until  the  metal  has  been 
extruded.  If,  therefore,  the  cylinder  were  electrically  heated,  it  might 
be  2lI\  that  would  be  required.  The  ram  would  seldom  require  heating, 
and  it  would  weaken  it  to  place  a  resistance  in  the  end  of  the  ram. 
For  metals  with  higher  melting  temperatures,  however,  it  might  be 
desirable  to  heat  the  die-block  electrically,  and  this  could  readily  be 
done  as  shown.  The  electric  current  is  by  far  the  best  means  of  heat- 
ing the  metal  and  maintaining  it  at  a  steady  temperature.  With  rheo- 
stats, the  current  can  be  easily  controlled,  and,  consequently,  the  amount 
of  heat  required  to  maintain  an  alloy  at  a  certain  temperature  is  easily 
regulated  to  within  a  few  degrees. 

Special  Forms  of  Gontainers 

An  attempt  was  made  to  abolish  the  troubles  caused  by  billets 
adhering  to  the  container  walls,  by  using  the  design  in  Fig.  21. 
Here  billet  A  is  much  smaller  in  diameter  than  container  B  and  is 
surrounded  with  some  kind  of  liquid  at  C.  Thus,  when  ram  D  forces 
the  metal  through  die  E,  liquid  C  is  supposed  to  keep  the  ingot  from 
gripping  the  walls  of  the  container  and  wedging  therein.  It  is  claimed 
for  this  method  that  aluminum  or  metals  of  similar  ductility  can  be 
extruded  at  atmospheric  temperature,  this  being  due  to  the  fact  that 
the  billets  can  be  made  much  smaller  in  diameter  than  the  interior  of 
the  containers;  that  the  ram  D  need  only  be  a  tight  ilt  at  the  extreme 
end  of  the  container;  and  that  the  liquid  acts  as  a  lubricant,  and  the 
adhesive  force  is  thus  entirely  overcome.  Thus  a  greater  power  can  be 
applied  to  the  ram,  and  the  extruded  metal  be  made  more  dense.  The 
heat  can  also  be  done  away  with,  except  that  which  is  caused  by  friction 
when  the  metal  passes  through  die  E.  The  liquid  C  can  be  oil  when 
metals  are  extruded  cold,  and  this  will  lubricate  the  apparatus  and  aid 
in  overcoming  the  friction  as  it  passes  through  the  die.  Water  also 
might  be  used.  Metals  of  a  higher  melting  temperature  could  be  ex- 
truded, and  consequently  greater  strengths  obtained.  When  it  became 
necessary  to  heat  metals  for  extrusion,  fused  caustic  potash  or  other 
materials  might  be  used. 

In  attempting  to  press  cold  metals  through  a  contracted  hole  like 
the  die  of  an  extrusion  press,  the  billet  spreads  under  the  compression 
and  grips  the  side  walls.  To  overcome  this  adhesive  force  and  make  it 
less  than  the  forward  pressure  of  the  ram,  billets  are  softened  and 
made  plastic  by  raising  their  temperature.    This  also  reduces  the  strain 
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When  metals  are  extruded  at  atmospheric  temperature,  a  higher 
pressure  must  be  used.  The  metal  is  condensed  more  and  the  grain 
greatly  refined.  This  adds  strength,  hardness,  and  toughness  to  the 
metals  to  a  degree  that  it  is  impossible  to  attain  in  other  ways.  One 
illustration  of  the  pressures  required  is  shown  by  the  fact  that  to  ex- 
trude aluminum  at  600  degrees  F.  only  requires  one-fifth  of  the  pressure 
that  is  required  at  70  degrees. 

A  Modem  Bxtrueion  Press 

The  principal  parts  of  a  complete  modern  extrusion  machine  are 
shown  in  detail  in  Figs.  22  and  23.  Nearly  all  of  the  hand  labor  is  done 
away  with  in  this  machine.  It  heats  the  billets  to  the  proper  tempera- 
ture, inserts  them  in  the  container  by  hydraulic  pressure,  and  extrudes 
them  by  the  same  pressure.  Four  gas-heated  furnaces  are  located 
around  a  central  shaft  under  the  extruding  press  so  that  their  tops 
come  a  little  above  the  floor  line.  Three  of  the  furnaces,  when  they  are 
in  the  positions  A,  B  and  C,  are  covered  with  a  disk  screen  E,  that  has 
an  opening  over  each  furnace.  When  starting  the  operations,  the  cold 
billet  is  inserted  in  the  furnace  located  at  A;  cover  F,  containing  a 
vent-hole,  is  placed  over  it,  and  the  furnace  revolved  to  the  position  at 
B,  It  is  next  revolved  to  the  position  at  C,  and  while  in  the  positions 
B  and  C,  other  billets  are  being  extruded.  After  this,  it  is  turned  to 
the  position  at  D. 

The  cylinder  is  then  revolved  on  trunnions  to  the  position  shown  at 
O;  cover  H  is  placed  over  it,  and  billet  I  is  pushed  up  into  it  by  hy< 
draulic  piston  J  raising  loose  block  K  from  the  bottom  of  the  furnace 
where  billet  I  rests  on  it.  The  gas  for  heating  the  furnaces  enters  the 
hollow  shaft  on  which  they  revolve,  and  passes  out  through  ports  and 
piping  to  each  of  the  four  furnaces.  The  air  passes  through  ports  sur- 
rounding this  hollow  central  shaft  and  then  through  pipes  to  the  dif- 
ferent furnaces.  After  the  billet  is  in  the  cylinder,  this  is  again  revolved 
on  its  trunnions  to  the  extruding  position;  projection  L,  on  disk  cover 
E,  prevents  the  billet  from  falling  out  while  the  cylinder  is  being 
revolved. 

With  the  extrusion  cylinder  in  position,  fluid  is  admitted  under  pres- 
sure to  the  hydraulic  cylinder  through  port  Jf.  This  moves  the  hollow 
piston  N  forward  and  first  transmits  power  to  the  device  O  and  rod  P 
and  causes  part  Q  to  butt  against  extrusion  cylinder  O  and  hold  it 
firmly  in  its  seat  against  the  die  and  die-holder  R.  Container  cover  H 
has,  of  course,  been  removed.  Now,  ram  8  acts  on  billet  /  and  extrudes 
it  through  die  R.  When  the  ram  has  reached  the  end  of  its  stroke,  the 
fiuid  is  allowed  to  escape  through  port  T  and  with  the  other  mechanism 
attached,  the  ram  is  brought  back  to  the  starting  position  by  weights 
attached  to  chains  V, 

In  this  machine,  as  well  as  in  others,  a  small  end  of  the  billet  can- 
not be  extruded.  This  part  often  sticks  in  the  cylinder,  but  it  is  easily 
removed  by  turning  the  cylinder  over  the  furnace  at  D  and  turning  on 
the  gas.  so  as  to  melt  it  out.    With  this  machine  many  alloys  can  be 
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extruded  that  could  not  be  used  with  the  cruder  and  simpler  machines 
formerly   employed. 

Several  new  extrusion  presses  have  also  been  brought  out  abroad. 
Those  best  known  in  Germany  are  built  by  the  firm  of  Friedr.  Krupp 
A.  G.,  Grusonwerk  in  Magdeburg-Buckau.  The  methods  and  processes 
used  in  connection  with  one  of  these  machines  will  be  described  in  the 
following.  The  complete  installation  consists  of  a  foundry  for  pro- 
ducing the  metal  blocks,  a  heating  furnace,  and  a  hydraulic  press  and 
pumping  arrangement. 

The  Gastinff  of  the  Metal  Blocks 

The  metal  blocks  are  cast  in  long  sections  and  are  afterwards  cut 
up  into  pieces  of  suitable  size  for  the  presses.  The  blocks  are  cast  in 
permanent  molds,  and  in  order  that  as  smooth  a  surface  as  possible  may 


Flff.  84.    Section  throoffh  the  Heatlxxff  Fumaoe 

be  obtained,  it  is  necessary  that  the  inside  of  the  mold  be  of  a  close- 
grained  metal,  free  froifn  flaws.  In  order  to  still  further  insure  against 
blow-holes  or  porous  parts  in  the  cast  blocks,  the  molds  are  covered  on 
the  inside  with  a  preparation,  the  same  as  is  done  in  the  casting  of 
copper  and  brass  in  general. 

After  the  blocks  are  cast  and  cut  into  parts,  they  are  inspected  for 
defects,  and  any  burrs  or  fins  that  may  be  present  are  removed  by 
chisels  or  scraping.  Special  care  must  be  used  in  producing  hollow 
parts  for  pipe.  In  this  case,  it  is  especially  important  that  the  core 
be  central  with  the  outside,  in  order  that  homogeneous  walls  of  uni- 
form thickness  may  be  obtained  in  the  extruded  pipe. 

Heatinir  the  Metal  Blocks 

The  metal  blocks  are  heated  in  a  special  furnace  which  should  be 

placed  close  to  the  extrusion  press.    The  important  feature  about  the 

heating  is  that  the  block  must  be  heated  clear  through  to  the  center. 

and  not  be  brought  to  the  press  when  merely  the  surface  has  been 
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brought  to  the  required  temperature.  A  furnace  used  for  heating  the 
blocks  Is  illustrated  in  Fig.  24.  The  blocks  are  inserted  at  the  end 
opposite  the  grate,  and  roll  by  gravity  down  the  somewhat  inclined 
surface  toward  the  fire-box.  When  the  required  temperature  is  ob- 
tained, they  are  pulled  out  through  an  opening  at  the  side.  In  order 
that  good  results  may  be  obtained  in  the  extrusion  process,  it  is  impor- 
tant that  the  blocks  do  not  come  in  contact  with  the  brickwork  of  the 
furnace.  The  surface  on  which  the  blocks  rest  is,  therefore,  covered 
with  a  cast-iron  plate.    The  length  of  the  furnace  is  made  to  suit  the 
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Flff.  26.    Qeneral  Arrangement  of  Kmpp  Bxtruslon  Press 

capacity  and  speed  of  the  action  of  the  press.  The  width  is  usually 
made  about  three  feet  The  heated  blocks  are  most  conveniently  trans- 
ferred from  the  furnace  to  the  press  by  means  of  an  overhead  trolley. 

The  Hydraulic  Extrusion  Press 
The  hydraulic  extrusion  press  shown  in  Fig.  25  is  of  the  horizontal 
type.  The  press  consists  mainly  of  the  hydraulic  cylinder,  the  dies, 
the  pressure  chamber  or  extrusion  cylinder,  and  a  head  which  holds 
the  dies.  Four  heavy  connecting  bars  tie  this  head  to  the  hydraulic 
cylinder.  The  pressure  chamber  is  located  between  the  head  and  the 
hydraulic  cylinder  and  moves  on  four  guide  bars. 

TABIiB  I.    QBNSRAIj  DIMBNBIONB  OF  BXTRUSION  PRB88B8 

Smaller  Larger 

Dimensions  Size  Size 

Total  pressure,  pounds 1,430.000  2,200,000 

Maximum  pressure,  pounds  per  sq.  in. . . .  3770  4125 

Dlam.  of  hydraulic  cyl.,  inches 22  26 

Stroke,  inches  27^^  31% 

Dlam.  of  extrusion  cyl.,  inches 4%  5^ 

Max.  diam.  of  extruded  bars,  inches 2  2% 

Required  horsepower 100-150  175-225 

These  presses  are  built  in  two  sizes,  the  main  dimensions  of  which 
are  given  in  Table  I.  The  output  of  the  presses  varies  according  to  the 
size  and  form  of  the  cross-section  of  the  different  extruded  shapes. 
With  trained  operators  and  simple  cross-sectional  shapes,  it  is  possible 
to  extrude  about  20,000  pounds  of  metal  in  ten  hours  in  the  small-size 
press  and  35,000  pounds  in  the  larger  press.     This  output  cannot  be 
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obtained,  however,  when  tubing  of  difficult  sections  is  being  extruded. 
The  figures  given  above  correspond  to  two  hundred  press  operations  in 
ten  hours.  In  order  to  be  able  to  maintain  this  efficiency  the  press 
chamber  must  be  sufficiently  heated  at  the  beginning  of  the  work  and 
there  must  be  no  interruption  in  the  operation.  For  the  complete 
installation  required  for  one  press,  four  men  are  necessary,  one  of 
whom  works  at  the  furnace. 

Details  of  the'  Hydraulic  Press 

The  hydraulic  cylinder  is  made  of  steel  casting  and  lined  on  the 
inside  with  a  copper  bushing.  The  pressure  chamber  is  made  of  so- 
called  "Krupp  special"  steel  which  even  when  heated  has  a  high  ten- 
sional  strength.  This  chamber  or  cylinder  is  forged  and  is  provided 
with  a  Jacket  of  steel  casting.  Between  the  pressure  chamber  and 
jacket  an  open  space  is  provided  through  which  the  heated  gases  from 
(the  fire-place  arranged  beneath  the  pressure  chamber  can  pass.  By  this 
means  the  chamber  is  heated  to  the  required  temperature,  the  gases 
from  the  combustion  escaping  through  a  pipe  above  the  pressure  cham- 
ber into  the  chimney.  The  required  temperature  to  which  the  pressure 
chamber  should  be  heated  by  external  means  is  about  600  degrees  F. 
This  heat  is  required  so  that  the  metal  blocks  which  are  heated  to  some 
1650  or  1800  degrees  F.  may  not  be  suddenly  cooled.  Should  sudden 
cooling  take  place,  the  surface  of  the  metal  block  may  lose  its  plasticity 
and  the  extrusion  may  either  be  unduly  delayed  or  be  made  entirely 
impossible.  The  high  temperature  of  the  walls  of  the  pressure  chamber, 
while  the  extrusion  takes  place,  requires  an  especially  high  quality  of 
metal,  and  it  has  been  proved  in  a  number  of  instances  that  forged 
Krupp  special  steel  answears  the  requirements  better  than  any  other 
known  material. 

In  order  to  prevent  too  high  a  pressure  in  the  hydraulic  cylinder*  a 
safety  valve  is  provided  on  the  pump  which  opens  at  a  pressure  of 
about  4500  pounds  per  square  inch.  In  order  to  instantly  relieve  the 
pressure  in  the  hydraulic  cylinder,  a  releasing  valve  is  inserted  between 
the  pump  and  the  controlling  valve  on  the  machine. 

The  dies  containing  the  shiape  for  the  extruded  form  are  held  in 
the  head.  This  latter  takes  the  pressure  during  the  extrusion  process. 
One  of  the  greatest  difficulties  in  the  past  with  machines  of  this  type 
has  been  to  remove  the  remainder  of  the  metal  block  in  the  pressure 
chamber  when  operations  are  suspended  or  when  practically  all  the 
metal  has  been  extruded.  Part  of  the  metal  would  usually  be  pressed 
in  between  the  Joints,  solidify  and  make  the  removal  of  the  various 
parts  difficult  In  the  Krupp  press  this  difficulty  is  taken  care  of 
as  follows:  As  already  mentioned  the  pressure  chamber  is  placed 
between  the  head  and  the  hydraulic  cylinder,  but  is  movable  on  four 
guide  rods.  A  tapered  hole  is  provided  in  the  pressure  chamber  in  the 
end  towards  the  head,  and  the  dies  are  formed  with  a  corresponding 
taper.  An  auxiliary  hydraulic  cylinder  is  provided  at  th^  right-hand 
end  of  the  press  in  Fig.  25,  and  the  pressure  chamber  is  connected  with 
the  piston  of  the  auxiliary  cylinder  by  means  of  a  cross-head  and  two 
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connecting-rods.  By  this  means  the  pressure  chamher  can  be  operated. 
Before  the  beginning  of  the  extrusion,  the  pressure  chamber  is  forced 
against  the  die  by  means  of  this  auxiliary  cylinder,  and  due  to  the 
tapered  hole  and  the  tapered  end  of  the  die  a  very  close-fitting  joint  is 
provided,  so  tliat  the  metal,  during  the  extrusion  process,  cannot  enter 
between  the  two  surfaces.  At  the  end  of  the  extrusion,  the  auxiliary 
cylinder  operates  the  pressure  chamber  in  the  opposite  direction,  thus 
opening  up  a  space  between  the  die  and  the  pressure  chamber  and  mak- 
ing it  possible  to  easily  remove  the  remaining  metal  from  the  top  of 
the  die. 

The  press  can  be  operated  with  considerable  rapidity.     For  simple 
shapes,  it  is  possible  to  go  through  the  complete  cycle  of  operations 

TABLB  II.    INFLUBNOa  OF  THB  BZTRUSION  PROOB88  CM  THB 
PBOPBBTIB8  OF  MBTAIiS 


Metal 

Cast 

Extruded                    1 

Tensfle 

Strenarth, 

Pounds  per 

Square  Inch 

Elonga- 
tion. 
Percent 

TensUe 

Strength, 

Pounds  per 

Square  Inch 

Elonsar 

tlon. 
Percent 

Ck)pper 

Magnalium 

AliiTninnm 

Delta-metal 

Durana-metal . . . 

28,500 
48.000-64.000 
14.000-17.000 

88,000 
68.000-74,000 

85 

6  * 

8 
11 
85 

84,000 
58.000-71,000 
83,000-^,000 

98,000 
60,000-81000 

88-40 
10 
4.8 
21.8 
88 

for  one  metal  block  in  three  mindtes,  this  time  being  divided  as  fol* 
lows:  Putting  the  metal  block  into  the  pressure  chamber,  1  minute 
25  seconds;  extrusion,  50  seconds;  opening  up  the  space  between  the 
pressure  chamber  and  die,  10  seconds;  removing  the  remaining  metal, 
15  seconds;  and  returning  to  the  original  position,  20  seconds.  The 
effect  of  the  extrusion  process  on  the  tensile  strength  of  various  metalfl 
is  indicated  by  Table  II. 

Examples  of  Work  Produced  by  the  Bztrusion  Procoss 

The  half-tone  illustration  Fig.  26  shows  sections  manufactured  by 
the  extrusion  process  by  the  Coe  Brass  Mfg.  Co.,  Ansonia,  Conn.,  the 
well-known  makers  of  extruded  shapes.  Various  special  forms  of  angles 
are  made  in  this  way.  Gears,  ratchet  wheels,  gear  racks,  padlock  hasps, 
and  other  special  shapes  are  turned  out  in  long  bars  which  are  after- 
wards sawed  up  to  give  the  pieces  their  required  thickness.  Moldings 
have  also  been  made  for  the  Navy  Department.  An  extruded  angle 
that  was  made  for  the  Navy  had  a  tensile  strength  of  85,000  pounds 
per  square  inch,  an  elastic  limit  of  33,800  pounds  per  square  inch,  an 
elongation*  in  8  inches  of  18.1  per  cent  and  a  reduction  of  area  of  20 
per  cent    Some  quite  intricate  shapes  have  been  made. 

Where  parts,  such  as  flat  lock  keys,  can  be  made  in  the  punch  press, 
they  can  be  made  cheaper  this  way  than  by  the  extrusion  process. 
Such  parts  as  the  hasp  on  padlocks,  however,  are  made  more  econom- 
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ically  by  the  extrusion  process,  as  they  would  be  difficult  to  punch  out 
owing  to  their  thickness.  There  are  also  numerous  other  lock  parts 
that  are  cheaply  made  from  extruded  metal.  The  extruded  shapes  can 
be  made  to  within  0.0005  inch  of  the  correct  size.  This  makes  the  pro- 
cess very  useful  for  parts  that  would  otherwise  have  to  be  machined. 

Metals  and  Metal  Alloys  used  in  the  Bztrusion  Prooess 

In  the  extrusion  of  metals  it  is  natural  that  lead  should  have  been 
the  one  first  used,  as  this  is  the  most  plastic  of  metals.  Lead  in  the 
form  of  filings  can  be  compressed  into  solid  metal  with  13  tons  pressure 
to  the  square  inch.  It  will  flow  through  all  the  cracks  of  the  apparatus, 
like  liquid,  when  a  pressure  of  32  tons  per  square  inch  is  applied  to  it. 
Its  plasticity  as  compared  with  that  of  other  metals  is  shown  by  the 
fact  that  powdered  tin  can  be  made  into  solid  metal  with  a  pressure  of 
19  tons  per  square  inch;  copper,  with  33  tons;  zinc,  antimony,  alumi- « 
num  and  bismuth  with  38  tons,  while  other  metals  require  consider- 
ably greater  pressure  than  this.  Tin  would  flow  through  the  cracks 
of  the  apparatus  like  liquid  at  a  pressure  of  47  tons  per  square  inch, 
and  the  other  metals  at  a  considerably  higher  pressure.  Lead  and  tin, 
or  any  alloys  that  might  be  made  from  them,  however,  have  very  little 
strength  and  thus  their  use  has  been  limited. 

While  copper  is  very  malleable,  ductile  and  tough,  and  consequently 
would  flow  freely  through  a  die  under  pressure,  it  has  but  limited 
strength,  and,  consequently,  cannot  be  used  for  very  many  purposes. 
As  lead,  bismuth  or  antimony  have  an  injurious  action  on  copper  and 
make  it  hard,  brittle  and  cold  short,  these  elements  cannot  be  alloyed 
with  it  for  extrusion  purposes,  except  in  very  small  quantities.  When 
more  than  0.5  per  cent  lead  is  added  to  copper  it  makes  it  both  hot 
and  cold  short,  and  it  cannot  be  worked  hot;  0.2  per  cent  lead,  however, 
may  be  present  without  impairing  the  tenacity  of  copper.  Tin  in  small 
quantities  does  not  appear  to  affect  the  working  properties  of  copper, 
except  to  make  it  somewhat  harder.  Larger  percentages  of  tin,  how- 
ever, would  render  copper  too  hard  for  extrusion  purposes,  and  would 
give  it  a  flaky  grain  that  weakens  the  metal.  When  zinc  is  alloyed 
with  copper,  1  per  cent  zinc  will  make  the  copper  hard  and  red  short, 
but  20  per  cent  zinc  alloyed  with  80  per  cent  copper  will  produce  an 
exceedingly  malleable  alloy.  Small  percentages  of  zinc  do  not  alter  the 
character  of  copper  in  other  ways.  The  zinc  also  produces  a  greater 
tensile  strength. 

An  alloy  composed  of  55  per  cent  copper  and  45  per  cent  zinc  was 
the  first  comparatively  strong  metal  that  was  used  for  extrusion  pur- 
poses. This  is  also  one  of  the  most  common  alloys  used  at  the  present 
time.  The  brasses  that  contain  from  50  to  60  per  cent  copper  and  40 
to  50  per  cent  zinc  are  the  most  plastic,  and  hence  are  the  alloys  most 
frequently  used  for  extruded  metals.  The  brasses  containing  from  75 
to  85  per  cent  copper  are  malleable  while  hot,  but  are  rather  too  hard 
to  extrude  easily,  while  the  brasses  containing  from  62  to  70  per  cent 
copper  are  not  malleable  at  a  red  heat  and  hence  are  difficult  to  extrude. 

Small  quantities  of  iron  add  strength  to  the  brasses  and  do  not  make 


Digitized  by  VjOOQ  IC 


THE  EXTRUSION  OF  METALS  27 

them  diflkult  to  extrude;  hence  Delta  metal,  manganese  bronze  and 
similar  alloys  can  be  used  in  the  extrusion  process.  Aluminum,  when 
used  in  small  percentages,  makes  copper  harder  than  '"hen  8  to  10 
per  cent  is  used,  and  hence  the  aluminum  bronzes  with  from  8  to  xO 
per  cent  of, aluminum  are  the  most  easily  extruded.  An  alloy  con- 
taining 90  per  cent  copper  and  10  per  cent  aluminum,  or  one  with  85  per 
cent  copper,  10  per  cent  zinc,  and  5  per  cent  aluminum  is  also  used, 
but  ordinarily  the  copper  content  is  kept  lower  than  this.  With  these 
aluminum  bronzes,  however,  a  tensile  strength  of  from  65,000  to  85,000 
pounds  per  square  inch  Is  obtained,  with  an  elastic  limit  of  from  40,000 
to  iSO,000  pounds,  an  elongation  in  8  inches  of  about  18  per  cent,  and  a 
reduction  of  area  of  about  20  per  cent.  Some  tests  on  extruded  shapes 
made  for  the  Government  have  shown  even  better  results  than  this. 

Pure  zinc  can  be  greatly  strengthened  by  an  extrusion  process  con- 
ducted in  the  proper  way.  If  the  area  of  the  die  opening  in  relation  to 
the  area  of  the  zinc  billet  to  be  extruded  is  in  the  ratio  of  1  to  15,  the 
temperature  of  the  metal  is  kept  between  85  and  180  degrees  F.,  and 
the  extruded  metal  is  submitted  to  a  pressure  of  not  less  than  90,000 
pounds  per  square  inch,  the  coarse  crystalline  structure  of  the  ordinary 
zinc  is  transformed  into  a  fine  grain,  and  the  zinc  assumes  the  proper- 
ties of  brass.  A  tensile  strength  of  29,000  pounds  per  square  Inch  can 
be  obtained  in  this  way  and  an  elongation  of  from  26  to  70  per  cent. 
For  comparison,  ordinary  zinc  only  has  a  tensile  strength  of  5000 
pounds  per  square  inch  and  almost  no  percentage  of  elongation.  Zinc 
in  the  extruded  condition  can  also  be  readily  worked  with  machine 
tools  and  it  is  quite  malleable  and  flexible. 
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THE  HXTRUSION  OP  SHELLS  AND  TUBES 

Just  because  a  diemaker  miscalculated  a  little,  leaving  the  face  of 
a  punch  too  long,  there  is  a  growing  corporation  doing  business  in  a 
comparatively  new  field  of  metal  goods  manufacturing.  This,  in  a  nut- 
shell, explains  the  existence  of  the  Metallic  Shell  &  Tube  Co.,  of  Paw- 
tucket,  R.  I.,  although  the  whole  story  is  somewhat  longer. 

In  1903,  George  W.  Lee  was  located  in  Binghamton,  N.  T.,  engaged 
in  the  manufacture  of  the  familiar  one-piece  collar  button  shown  at  A 
Fig.  27.  After  a  short  time  it  became  app&rent  that  by  means  of  such 
machines  as  the  multiple  plunger  press  others  were  turning  out  collar 


Fig.  S7.  A.  Collar  Button;  B,  Fastener;  O,  Improved  FcMtener.  Fiv.  fl8. 
A.  Die  for  Faatener.  with  Work  In  Place;  B.  Die  Intended  to  produce  a  FcMtener 
of  Improved  Design,  showing  Piece  actually  produced. 

buttons  by  the  ton  so  cheaply  that  he  could  not  compete  with  them. 
Naturally,  he  began  to  look  around  for  some  other  similar  product  that 
he  could  manufacture  with  his  equipment  of  presses,  shears  and  tools, 
and  he  hit  upon  the  idea  of  a  fastener,  part  of  which  is  shown  at  B, 
Fig.  27.  He  immediately  patented  this  "bachelor's  button,"  and  com- 
menced to  manufacture  it  on  a  small  scale. 

After  getting  fairly  well  started,  it  occurred  to  him  that  if  he  made 
a  slight  change  in  his  dies,  so  as  to  give  the  face  of  the  button  the 
appearance  indicated  at  C,  Fig.  27,  the  product  would  have  a  more 
finished  appearance,  without  increasing  the  cost  of  manufacture.  The 
dies  for  the  button  appeared  about  as  shown  at  A,  Fig.  28,  in  which 
the  aluminum  blanks,  ^  inch  in  diameter,  were  placed  and  formed  in 
the  usual  manner.  To  obtain  the  improved  shape  of  the  face  of  the 
button,  he  assumed  that  it  would  only  be  necessary  to  leave  a  small 
projection  on  the  punch.    He  then  made  a  punch  with  the  projection 
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left  a  little  longer  than  he  had  Intended,  but  he  concluded  to  try  it  out. 
To  his  amazement  he  found  that  instead  of  the  slightly  changed 
button  that  he  had  expected,  he  had  a  tube  about  %  inch  long,  with 
the  flanged  face  of  the  button  intact,  as  shown  at  B,  Fig.  28.  He  pon- 
dered over  the  matter,  tried  more  blanks  in  this  die.  with  the  same 
results,  and  decided  that  the  explanation  was  that  the  metal,  being 
confined  on  all  sides  except  for  the  annular  opening  formed  by  the 
opening  in  the  die  and  the  projection  of  the  punch,  had  to  go  through 
this  space  when  pressure  was  applied. 

With  this  principle  in  mind,  he  tried  several  other  experiments  along 
the  same  lines,  and  finally  applied  for  patents  on  the  process  of  ex- 
truding tubular  metal  bodies  by  means  of  dies  of  the  type  shown  in 
Fig.  29.  When  the  patent  examiner  at  Washington  read  the  specifica- 
tions and  saw  the  drawings,  he  was  incredulous,  and  before  allowing 
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Flff.  29.    Z«M*s  Method  of  M*klnff  Tubular  Articles.  Patented  in  IQOO.    A. 
the  IMe  with  Blank  in  PoaiUon;  B.  the  Bztruded  Bhell 

the  patents,  Lee  was  obliged  to  make  several  tubes  for  the  examiner; 
after  furnishing  affidavits  as  to  his  work,  the  patents  were  allowed. 
During  the  next  four  years  Lee  worked  incessantly  on  the  process,  but 
with  little  real  success. 

At  this  point  Mr.  Leslie  E.  Hooker  and  three  other  men  bought  the 
patent  rights  of  Lee  and  organized  a  company  to  make  a  commercial 
success  of  the  extrusion  process.  Mr.  Hooker  had  been  watching  the 
experimental  work  for  some  time.  He  took  out  several  patents  on 
improvements,  and  started  a  factory  in  Pawtucket,  R.  L,  where  at 
present  the  extrusion  process  is  being  worked  successfully.  The 
company  is  making:  tubes  and  shells  in  large  quantities,  and  as  manu- 
facturers and  designers  are  becoming  more  and  more  aware  of  the 
value  of  extruded  work,  the  prospects  seem  unusually  bright  for  the 
future. 

General  Outline  of  the  Process 

Since  George  W.  Lee  stumbled  over  the  extrusion  process  in  1903, 
many  changes  have  been  made  in  the  details  of  the  methods,  but  in 
general  the  principles  are  the  same.  Briefly  stated,  the  extruaion  of 
tubular  bodies  is  accomplished  by  conflning  a  metal  blarK  within  a 
strong  cylindrical  chamber  whose  only  outlet  is  through  an  annular 
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opening  at  the  bottom,  formed  by  the  projection  on  the  punch  and  the 
hole  in  the  bottom  of  the  die.  The  size  of  this  opening  may  be  made 
of  any  required  dimension,  so  that  tubes  and  shells  of  different  meas- 
urements can  be  made. 

Figs.  30  and  31  illustrate  the  features  of  dies  for  extruding  tubular 
shapes.  The  containing  ring  is  shown  at  A,  the  lower  die  at  B,  and  the 
punch  at  C;  part  D  is  the  former.  In  Figs.  29  to  32  Inclusive,  the  die 
rings,  dies  and  punches  only  are  shown,  for  they  are  the  vital  parts 
of  the  apparatus.  In  Figs.  30  and  31  the  blanks  are  shown  at  F,  Just 
after  the  extruding  operation  has  started. 

Fig.  30  shows  a  plain  fiat  blank  being  extruded,  but  as  the  process 
was  developed  it  was  found  better  in  every  way  to  use  a  cup-shaped 
blank  like  that  shown  in  Fig.  31.    This  shape  of  blank  takes  no  longer 
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rig.  80.    BxtradliMr  from  a  Flat 
Blank 


Tig.  81.    Bztmdinff  from  a  Cap- 
shaped  Blank 


to  make  than  the  flat  blank,  if  cut  and  drawn  in  one  operation.  The 
chief  advantage  in  using  the  cup-shaped  blank  lies  in  the  fact  that 
the  metal  extrudes  more  easily,  for  the  work  is  distributed  over  a 
longer  space.  This  fact  is  more  readily  apparent  by  noting  the  differ- 
ences in  the  distances  traveled  by  the  punches  in  Figs.  30  and  31. 
There  is,  however,  a  limit  to  the  proportions  of  this  cup,  for  if  made 
too  deep  and  narrow,  the  punch  will  be  too  weak  to  stand  the  strain; 
if  made  too  shallow,  on  the  other  hand,  the  object  of  cupping  will  be 
defeated.  In  general,  the  walls  of  the  cup  should  be  from  3/32  to  1/8 
inch;  from  3/8  to  1/2  inch  is  a  proper  depth  for  the  cup.  In  some 
instances,  as  in  cartridge  case  making,  it  is  desirable  to  have  the 
bottom  of  the  tube  as  thick  as  possible,  in  which  case  the  cup  is  made 
.without  reducing  the  thickness  of  the  bottom.  In  nearly  every  tube, 
however,  it  is  advantageous  to  have  the  bottom  of  the  finished  tube 
of  the  same  thickness  as  the  walls  of  the  tube;  therefore,  after  cupping, 
the  bottom  is  thinned  down  by  stamping,  and  the  top  edge  of  the  cup 
is  chamfered  toward  the  inside  at  the  same  operation. 

Suppose  a  shell  is  wanted  with  tapering  walls,  thickest  near  the 
bottom,  as  in  the  cartridge  work  illustrated  at  P,  Q,  R,  and  8  in  Fig.  34. 
To  produce  this  effect,  as  indicated  at  K.  the  former  is  made  with  its 
sides  sharply  tapered  towards  the  point,  as  shown  in  Fig.  32.  Then, 
when  the  form€»r  enters  the  die  opening,  the  space  around  the  former 


Digitized  by  VjOOQ  IC 


EXTRUSION  OF  SHELLS  AND  TUBES 


31 


is  quite  large^  and  the  walls  of  the  tube  at  this  point  will  be  corre- 
spondingly thick,  as  shown  at  A.  At  the  end  of  the  stroke,  illustrated 
at  B,  the  space  around  the  former  is  very  narrow,  because  the  thick 
part  of  the  former  has  entered  the  hole  in  the  die  through  which  the 
tube  is  being  extruded.  At  this  point,  then,  the  walls  of  the  tube  will 
be  very  thin.  To  be  a  little  more  specific,  let  us  assume  that  we  wish 
to  make  a  shell  or  tube,  six  inches  in  lengrth,  the  walls  of  which  are 
to  be  1/16  inch  thick  at  the  base  and  1/64  inch  thick  at  the  top.  The 
former  is  3/8  inch  in  diameter  at  its  widest  point    As  there  is  a  differ- 


Fig.  aa.    Making  Tubes  with 
Tai>«r  Walls 


Fig.  83.    Comparison  of  Tab«> 
making  Metbods 


ence  of  3/64  inch  in  the  thickness  of  the  walls  of  the  tube,  there  must 
be  twice  this  amount  of  difference  in  the  diameters  of  the  former  at 
its  end  and  base.  Therefore,  the  former  for  this  tube  must  measure 
9/32  inch  at  the  end,  to  produce  the  tube  shown  in  Fig.  32. 

Some  idea  of  the  speed  at  which  the  tubes  are  extruded  from  the 
dies  may  be  obtained  by  observing  the  fact  that  In  extruding  an  18-inch 
tube,  the  punch  moves  but  V2  Inch.  As  most  extruding  is  done  without 
using  geared  presses,  the  tube  metal  moves  the  18  inches  In  a  very 
small  fraction  of  a  second,  generating  a  good  deal  of  heat  while  doing 
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so.     The  operators  of  the  presses  are  very  careful  to  keep  out  of  the 
way  of  the  tubes  that  are  being  extruded. 

Presses  for  Bxtrudlngr 
Nearly  all  types  of  presses  or  extrusion  machines,  as  they  are  com- 
monly called,  have  been  tried — power  presses,  drop  presses,  screw 
presses  and  even  steam  hammers.  Hydraulic  presses  have  not  yet  been 
used  to  any  extent  on  tubular  work,  because  large  sized  work  has  not 
yet  been  attempted.  Drop  presses  are  not  satisfactory  on  account  of 
the  shock  of  the  blow  and  the  consequent  shortening  of  the  lives  of 
the  dies.  The  wear  and  tear  on  the  dies  is  great,  even  under  the  most 
favorable  conditions,  so  that  it  is  important  that  everything  possible 
should  be  done  to  lighten  their  work.  Screw  presses  are  very  powerful, 
and  the  shock  of  the  blow  is  not  excessive,  but  it  is  difficult  to  strike 
exactly  the  same  blow  each  time,  especially  with  the  German  type  of 
press  using  the  friction  drive;  therefore,  their  use  has  been  given  up. 
Steam  hammers,  of  course,  are  out  of  the  question  for  several  very 
apparent  reasons. 


rig.  84.    Miao«Uaneous  Bzamplaa  of  Bztrad«d  Work 

So  far.  the  most  satisfactory  style  of  press  seems  to  be  the  crank 
press,  of  the  geared  or  plain  type.  There  is  the  danger  of  springing 
the  shaft,  but  on  the  whole  this  type  seems  to  be  as  good  as  any. 
Ferracute  presses  are  used  for  extruding,  and  so  are  Bliss  presses. 
Small  tubes  may  be  extruded  on  Bliss  No.  52  presses,  and  for  heavier 
work  the  No.  37  Bliss  press  of  the  geared  type  is  very  satisfactory. 
These  presses  have  strokes  of  IV2  inch,  which  seems  to  meet  all  re- 
quirements. 

Metals  used  in  Tubular  Extrusion 

It  is  almost  needless  to  say  that  the  softer  the  metal  is,  the  easier 
it  may  be  extruded.  Naturally,  then,  lead  is  the  easiest  metal  to 
extrude,  and  it  is  used  to  a  great  extent  in  alloys  that  contain  small 
percentages  of  other  metals,  for  making  collapsible  tubes  and  similar 
goods.  Pure  tin  i£  still  more  used  for  the  better  grade  of  collapsible 
tubes. 

Aluminum  comes  next  in  order,  and  in  fact,  there  is  no  better  metal 
to  extrude,  if  aluminum  will  meet  the  requirements  of  the  work  for 
which  the  shell  is  to  be  used.     There  Is  one  slight  disadvantage  in 
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copper.  The  better  the  grade  of  the  metal,  the  better  it  will  extrude,  al- 
though ordinary  commercial  copper  works  very  well.  Lard  oil  is  used 
as  a  lubricant.  The  better  mixtures  of  brass  ccm  be  extruded  fairly  well, 
although  not  as  well  as  copper.  For  this  reason  a  metal  consisting  of  70 
per  cent  copper  <uid  30  per  cent  zinc  is  a  better  metal  for  this  purpose 
than  the  "two-and-one"  mixture  for  brass.  In  short,  the  more  copper  in 
the  brass,  the  better. 

Gilding  metal,  containing  mostly  copper  in  its  composition,  is  a  good 
metal  to  extrude.  This  metal  is  used  largely  by  the  jewelry  trade  as  a 
base  upon  which  to  gold-plate;  hence  its  name.  Pure  gold  will  work 
well  In  the  extrusion  process,  but  14-carat  gold  cannot  be  extruded  at 
all;  it  is  too  tough.  The  reason  for  this  is  not  very  clear,  as  copper  is 
used  in  the  14-carat  gold  alloy;  but  the  fact  remains  that  gold  and 
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Flff.  37.    A  Modem  Die  for  Extruding  Tabular  Bhapea 

copper,  two  soft  metals  In  themselves,  make  a  very  tough  alloy.  So 
far,  it  has  been  found  impossible  to  extrude  iron  or  steel,  as  the  dies 
give  out  under  the  extreme  pressure  required. 

The  effect  of  extrusion  upon  the  structure  of  the  metal  being  worked 
is  beneficial,  in  that  the  grain  of  the  metal  is  toughened  and  made 
much  stronger.  To  start  with,  the  metal  Is  soft.  After  the  blanking 
and  cupping  process,  the  cups  are  annealed.  When  the  tubes  come 
through  the  dies  they  are  as  tough  and  springy  as  could  be  desired, 
and  still  they  are  not  brittle. 

When  extruding  thin  tubes,  especially  of  the  softer  metals,  holes 
are  punched  through  the  bottoms  of  the  cups  to  let  the  air  into  the 
tubes  while  they  are  being  extruded;  otherwise  the  air  pressure  from 
without  would  cause  a  tube  with  thin  walls  to  collapse,  because  the 
interior  would  be  almost  a  perfect  vacuum.  Of  course.  If  the  bottom 
of  the  tube  must  be  kept  Intact,  this  method  cannot  be  adopted.  The 
effect  of  the  air  pressure  is  well  illustrated  by  the  flattehed  tube  shown 
at  W,  Fig.  36. 
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A  Modern  Extrusion  Die 
Fig.  37  represents  a  modern  style  of  die  for  extruding  tubular  metal 
shapes.  As  will  be  noticed,  the  principles  are  the  same  as  in  the  orig- 
,  inal  Lee  dies,  although  several  details  have  been  changed  and  a  few 
features  added.  In  this  illustration,  A  represents  the  bed  of  the  press; 
B  is  a  bolster  in  which  the  hardened  steel  bushing  C  is  a  very  hard 
driving  fit.  Bolted  to  the  bolster  is  the  die  shoe  E  which  is  shrunk 
around  the  die  ring  D.  By  shrinking  the  die  shoe  around  the  die  ring, 
a  very  tight  fit  is  assured.  Another  important  reason  is  that  the  tem- 
per of  the  high-speed  steel  die  ring  can,  by  being  mounted  in  this  way, 
be  drawn  Just  enough  to  leave  the  die  tough,  enabling  it  to  stand  the 
strains  incident  to  its  use.  The  die  ring  is  ground  out  after  hardening 
and  a  bushing  F  is  fitted.  This  bushing  is  a  very  important  part  of 
the  die,  for  in  the  old-style  dies,  when  the  Interior  of  the  die  gave  out, 
a  new  die  ring  was  required.  If  a  bushing  now  breaks,  it  merely 
means  that  a  new  one  is  to  be  slipped  in,  without  even  taking  the  die 
from  the  press.  These  bushings  may  be  made  several  at  a  time  and 
kept  in  readiness  for  an  emergency.  It  is  very  essential  that  the 
inclined  face  of  this  bushing  be  polished  very  smooth,  and  that  the 
edge  of  the  hole  be  slightly  rounded,  so  as  to  help  the  metal  to  form 
itself  into  the  shape  of  the  tube.  The  size  of  the  hole  in  this  bushing 
governs  the  size  of  the  tube,  and  it  must  be  ground  to  size  and  lapped 
to  a  smooth  finish.  , 

The  Punch  and  Former 

Second  in  importance  only  to  the  die,  is  the  punch  and  former.  It 
is  the  function  of  these  parts  to  force  the  metal  to  flow  through 
the  hole  in  the  die  and  to  form  the  inside  of  the  tube  or  shell  being 
extruded.  The  punch  G  is  really  a  removable  tip  to  the  punch  body  /, 
being  held  to  it  by  the  taper  sleeve  or  nut  H,  The  reason  for  having 
the  punch  in  two  parts  is  to  make  it  easier  to  replace  in  case  of  break- 
age— there  are  plenty  of  breakages  in  extrusion  tools.  The  end  of  the 
punch  is  turned  off  on  a  bevel  to  agree  with  the  face  of  the  die,  and 
this  surface  must  be  Just  as  highly  polished  as  that  of  the  die.  The 
outside  of  the  punch  must  be  a  close  sliding  fit  in  the  die  ring,  for 
if  it  is  loose  there  will  be  danger  of  its  breaking. 

The  former  L  sizes  the  inside  of  the  extruded  tube,  and  as  the  metal 
is  constantly  slipping  past  its  end,  it  is  polished  very  highly,  as 
is  also  the  inclined  face  of  the  punch  itself.  An  important  feature  of 
the  former  is  its  independent  movement  with  relation  to  the  punch. 
The  internal  end  of  the  former  Is  threaded  into  the  bushing  J  which 
is  free  to  slide  within  the  punch  body  /,  but  is  prevented  from  turning 
by  the  screw  K,  engaging  a  groove  in  the  bushing.  When  the  cup- 
shaped  blank  is  struck  by  the  punch,  former  L  is  pushed  back  to  the 
position  shown  in  Fig.  37.  As  the  metal  flows  inward,  a  tremendous 
pressure  Is  brought  to  bear  on  the  former  in  a  downward  direction, 
and  on  the  punch  in  an  upward  direction.  This  pressure  often  breaks 
the  solidly  codibined  punches  and  formers.  In  this  die,  the  pressure 
carries  the  former  and  its  sliding  bushing  down  into  the  tube,  and  by 
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the  time  the  limit  of  the  movement  is  reached,  the  extrusion  process 
has  had  a  fair  chance  to  start,  and  the  pressure  is  consequently  di- 
minished. 

The  Slide  and  the  Strippingr  Punch 

After  each  extruding  operation  there  is  a  thin  washer-like  piece  of 
8crap  left  in  the  dies  and  attached  to  the  tube,  for  it  is  impossible  to 
extrude  every  particle  of  the  metal.  The  means  taken  to  clear  the  die 
of  this  scrap  are  interesting.  The  body  of  the  punch  /  is  driven  into 
a  slide  0,  which  works  in  the  head-block  if.  This  block  is,  in  turn, 
bolted  to  the  ram  of  the  press.  The  travel  of  slide  0  is  limited  by  two 
stops,  one  of  which  is  shown  at  Q.  Into  the  head-block  is  driven  a 
block  of  hardened  steel  P,  directly  in  line  with  the  dies  below.  When 
slide  0  is  at  one  end  of  its  travel,  the  punch  is  backed  up  by  this 
block.  At  the  other  extreme  of  the  travel  of  the  slide,  stripping  punch- 
base  T  comes  in  line  with  the  die  and  consequently  is  also,  in  its  turn, 
backed  up  by  block  P.  A  threaded  hole  in  base  T  receives  the  stripping 
punch  R  which  at  its  lower  end  has  a  bushing  8.  the  diameter  of  which 
is  midway  between  that  .of  the  hole  in  the  die  and  that  of  the  inside 
of  the  tube.  After  the  tube  has  been  extruded,  the  slide  is  moved  to 
its  other  position,  bringing  the  stripping  punch  R  in  line  with  the  die. 
At  the  next  stroke  of  the  press,  the  stripping  punch  enters  the  die, 
the  front  end  of  the  bushing  severs  the  tube  from  the  scrap,  and  on 
the  return,  the  top  edge  of  the  bushing  catches  the  scrap  and  pulls  it 
out  of  the  die  The  slide  is  then  moved  back  to  its  original  position, 
and  at  the  next  stroke  of  the  press  another  tube  is  extruded.  Thus  it 
will  be  seen  that  every  second  stroke  produces  a  tube  or  shell,  while 
the  intervening  stroke  removes  the  scrap  from  the  die.  After  the 
stripping  punch  becomes  filled  with  these  scrap  washers,  it  is  un- 
screwed from  the  base  and  cleared  of  the  scrap. 

Another  improvement  on  this  extruding  die  is  the  device  beneath 
the  die  for  preventing  the  tubes  from  being  pulled  up  into  the  die 
when  the  stripping  punch  ascends.  This  device  consists  essentially  of 
two  semicircular  leaves  U,  held  together  by  a  spring  W.  These  leaves, 
or  gripping  jaws,  are  supported  by  two  pins  V  which  allow  the  jaws  to 
tip  slightly  downward  when  pushed  from  above.  Therefore  the  tubes 
are  permitted  to  pass  downward  through  the  jaws,  but  the  jaws  <resist 
any  upward  pull  by  gripping  the  tube  and  effectually  holding  it. 

After  the  tubes  have  been  extruded,  their  forms  may  be  changed  by 
making  them  square  or  hexagonal,  or  they  may  be  straight  or  spirally 
fluted.  These  operations  are  done  by  running  them  through  dies, 
properly  shaped,  with  punches  of  the  same  shapes  to  support  the  in- 
teriors. Round  tubes  that  must  be  very  straight  and  true  are  some- 
times run  through  round  dies  to  correct  errors.  At  M,  N,  and  0,  Pig. 
34,  are  Illustrated  tubes  of  hexagonal  and  square  sections. 

Some  Examples  of  Extruded  Work 

Perhaps  the  most  impressive  pieces  of  tubular  extrusion  done  at  the 
Metallic  Shell  &  Tube  Co.  factory,  are  the  lead  tubes  shown  at  T  and  U, 
Fig.  36.     This  work  really  does  not  require  as  much  skill  to  produce 
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as  the  majority  of  the  extruded  shapes,  but  it  shows  up  well.  These 
tubes,  which  are  36  inches  long,  are  used  as  containers  for  the  explosive 
for  torpedoes.  They  are  cut  to  short  lengths,  and  the  ends  folded  over. 
The  blank,  after  being  cupped,  appears  in  front  of  the  tubes.  Lead  is 
so  easy  to  extrude  that  care  was  not  even  taken  to  chamfer  the  top 
face  of  the  blank. 

For  really  diflScult  work  in  this  line,  the  copper  tube  Y  in  Fig.  35  is 
a  fine  example.  It  is  but  %  inch  in  diameter  and  is  16  inches  long. 
The  walls  are  less  than  0.010  inch  thick.  Fig.  33  is  shown  for  a 
comparison  of  the  two  methods  of  making  sheet-metal  shells  with 
closed  ends;  A  represents  the  shell  for  a  bicycle  pump  and  Is  about  as 
deep  and  narrow  a  shell  as  can  be  successfully  drawn.    To  make  this 


Fiff.  88.  A.  B.  O.  and  D,  Stepa  In  Making  an  Instrumont  Case  by  Bxtru- 
slon;  B  and  P,  Bztruded  Parts  for  Automatic  Pencila;  O,  Ballot  Jaokot; 
H  and  I,  Hat-pin  Ouarde 

shell  from  copper  or  brass  would  require  at  least  twelve  operations. 
Contrasted  with  this  piece  of  work  is  the  copper  tube  at  D  which  was 
made  in  three  operations.  In  fact,  it  would  be  impracticable  to  use  more 
than  three  operations  for  extruding  this  tube.  It  would  be  impossible 
to  duplicate  this  tube  by  ordinary  press  drawing  operations. 

Instrument  Cases 

A  very  pretty  illustration  of  an  extruded  product  is  shown  in  the 
aluminum  instrument  case  illustrated  at  D  in  Fig.  38,  together  with 
the  successive  steps  in  its  making.  The  first  operation  consists  in 
blanking  the  disk  A.  The  next  operation  is  to  cup  this  blank  by  punch- 
ing the  center  in  a  die  that  also  forms  the  ornamental  bead  on  the 
end  of  the  tube.  Then  the  blank  is  extruded  to  make  the  tube  C  itself. 
Finally  the  tube  is  trimmed  to  length  and  run  through  the  fluting  die, 
which  completes  the  tube,  straightening  it  as  well.  The  fluting  die  is 
merely  a  thin  die  having  spiral  grooves  in  it.  The  punch,  or  mandrel, 
is  free  to  turn  as  it  pushes  the  tube  through  the  die. 

The  two  parts  of  an  automatic  pencil,  shown  at  E  and  F.  Fig.  38, 
represent  some  neat  specimens  of  the  extrusion  process.  The  core  of 
the  pencil  shown  at  E,  which  has  a  small  hole  running  through  the 
tube  section,  was  first  extruded  with  the  hole  clear  through  the  head. 
Afterward  the  piece  was  put  in  another  die  and  the  head  flanged, 
closing  in  the  end  of  the  hole  at  the  same  time.  The  larger  tube  F 
was  extruded  in  the  usual  manner,  and  the  end  closed  in  by  another 
operation. 

At  G,  Fig.  38,  is  shown  a  small  aluminum  bullet  jacket  which  shows 
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the  flange  of  scrap  that  is  left  by  the  dies.    In  this  case,  however,  the 
flange  is  a  necessary  part  of  the  bullet  jacket. 

The  hat-pin  guard,  shown  at  H  and  /,  is  a  somewhat  unusual  piece 
of  extrusion  work.  The  former  is  made  just  the  size  of  the  hole;  the 
punch  is  chamfered  off  to  fit  .the  Inside  of  the  bell  CJid  the  die  is  of 
the  same  shape  as  the  under  part  of  the  guard.    In  this  case,  as  with  ' 

the  bullet  jacket,  there  is  no  scrap  and  the  pieces  must  be  taken  from 
the  die  either  by  hand  or  by  an  ejector. 

At  J,  Fig.  34,  is  shown  an  electrician's  wire  coupling  used  in  splicing 
breaks  in  a  wire.  This  piece  is  extruded  as  a  plain  round  copper  tube, 
and  then  slightly  flattened  in  the  center  by  a  simple  press  operation. 
The  small  bushing  at  L  shows  that  thick  walls  may  be  extruded  as  i 

well  as  thin  ones.    At  P,  Q  and  R  are  shown  three  stages  in  making  | 

a  brass  cartridge  case,  as  already  mentioned.     At  8  the  end  of  the  •     T 

shell  has  been  reduced  by  closlng-ln  in  a  press,  and  the  groove  has  been  J 

turned  at  the  base  of  the  cartridge. 
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CHAPTER  III 

MAKING  COLLAPSIBLB  TUBES  BY  THE 
EXTRUSION  PROCESS 

The  extrusion  process  is  extensively  used  for  making  collapsible 
tubes  of  tin  and  lead,  for  containing  dentifrice,  artists'  colors  and  other 
preparations.  The  New  England  Collapsible  Tube  Co.,  of  New  London, 
Conn.,  is  employed  in  the  work  of  making  these  collapsible  tubes.  The 
business  of  the  company  was  originally  established  by  the  late  Dr. 
Sheffield,  in  1850,  as  a  dentifrice  manufacturing  business.  He  made  at 
that  time  only  the  tubes  he  required  in  putting  out  his  preparations. 
Later,  however,  the  demand  for  good  collapsible  tin  tubes  became  so 
strong  that  the  company  commenced  to  make  them  for  outside  con- 
cerns, and  now  the  tube  department  has  grown  to  be  far  larger  than 
the  dentifrice  department. 

The  best  collapsible  tubes  are  made  from  pure  tin.  Lead  is  often 
used  for  tubes  for  paste,  glue,  and  ink;  but  for  toilet  preparations,  like 
dentifrice,  only  the  purest  tin  is  employed.  Tin  ore  is  found  in  Ger- 
many, Spain,  Russia,  Malacca,  Australia,  Mexico  and  the  United  States. 
The  amount  of  tin  ore  mined  in  the  United  States,  however,  is  very 
small,  and  not  nearly  sufficient  to  meet  the  demands  of  this  country. 
The  very  best  tin  is  obtained  from  the  Straits  of  Malacca,  as  this  tin 
is  particularly  free  from  impurities.  This  is  a  very  important  requisite 
in  tin  for  the  extrusion  of  collapsible  tubes  for  dentifrice,  because 
foreign  matter  would  not  only  cause  the  tubes  to  foe  poor,  but  the 
quality  of  the  dentifrice  would  be  affected,  and  moreover  there  would 
be  constant  trouble  from  injury  to  the  dies. 

Fig.  39  illustrates  a  fev/  finished  collapsible  tubes  and  their  caps. 
Those  marked  A  have  been  decorated  by  lithographing;  those  marked 
B  have  been  embossed;  while  those  marked  C  are  plain  tubes  onto 
which  labels  may  be  pasted.  Collapsible  tubes  may  be  made  as  large 
as  2  VI.  inches  in  diameter,  and  of  any  length  up  to  9  inches.  The 
thickness  of  the  walls  of  the  tubes  ranges  from  0.005  inch  to  0.010  inch, 
varying  with  the  size  of  the  tube.  If  desired,  raised  lettering  may  be 
produced  upon  the  shoulder  of  the  tube.  The  opening  in  the  top  of 
the  tube  may  be  of  any  size,  either  round  or  oblong  in  shape. 

The  cold  extrusion  of  collapsible  tin  tubes  is  totally  different  from 
the  hot  extrusion  process  for  solid  shapes  described  in  Chapter  I,  and 
it  is  just  the  reverse  of  the  cold  tubular  process  described  in  Chapter  11. 
The  extrusion  of  tin.  however,  is  much  more  easily  accomplished  than 
the  extrusion  of  copper  and  brass.  Briefly  stated,  collapsible  tin  tubes 
are  made  by  placing  a  round  blank  of  tin  in  a  die-cavity  shaped  like 
the  head  of  the  tube,  and  of  the  same  internal  diameter  as  the  external 
diameter  of  the  tube  to  be  made.  Then  a  punch,  whose  greatest  diam- 
eter is  the  same  as  the  inside  diameter  of  the  tube,  comes  down  on 
the  blank.  It  forces  the  metal  into  the  bottom  of  the  die,  and  squeezes 
the  excess  metal  upward  through  the  narrow  annular  opening  between 
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The  general  method  of  making  collapsible  tubes  is  illustrated  in 
Fig.  40,  which  shows  the  operator  just. completing  a  gross  of  5-lnch 
tubes,  representing  about  fifteen  minutes'  work.  This  illustration  also 
gives  a  good  idea  of  the  size  of  the  press. 

PrepeulnfiT  the  Stock 

The  particular  grade  of  tin  used  by  this  company  for  collapsible 
tube  making  comes   from  the  Straits  of  Malacca  and  is  known  as 


\ 


Fig.  40.    Maklsff  OoUApalble  Tubes  at  the  Bate  of  OOO  par  Hour 

Penang  tin.  It  reaches  the  factory  In  the  form  of  130-pound  pigs,  and 
is  then  re-mclted  in  the  furnaces  shown  in  Fig.  41  and  cast  in  slabs 
weighing  nine  pounds  each.  These  slabs  are  about  six  Inches  wide, 
fifteen  inches  long  and  one-half  inch  thick. 

The  slabs  are  taken  to  a  pair  of  rolls  and  reduced  to  a  thickness 
ranging  from  0.110  to  0.220  inch,  varying  with  the  length  of  tube  that 
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is  to  be  made-  For  a  flve-inch  tube,  the  metal  is  rolled  to  0.190  inch. 
The  next  operation  consists  in  blanking  the  disks  for  the  tubes.  These 
disks,  three  of  which  appear  at  P,  Fig.  42,  are  cut  to  the  same  diameter 
as  the  diameter  of  the  tube  that  is  to  be  made,  and  in  blanking  they 
are  slightly  "crowned"  to  conform  to  the  inclined  shoulder  of  the  tube. 
This  crowning  is  accomplished  by  merely  chamfering  the  end  of  the 
blanking  punch  to  the  proper  bevel;  the  die  is  perfectly  flat.  The 
blanking  press  is  equipped  with  a  roll-feed,  and  the  rolls  are  knurled, 
so  as  to  grip  the  sheets  flrmly.  In  Fig.  41  may  be  seen  some  of 
the  sheets  from  which  blanks  have  been  cut,  and  which  are  sent  back 
to  the  melting  room  for  re-casting  into  slabs. 

The  Extrusion  Presses 

The  operation  of  extruding  collapsible  tubes  and  the  presses  used 

are  without  doubt  the  most  interesting  features  of  the  work.    In  Fig.  45 

the  details  of  the  press  and  dies  are  well  illustrated.     For  the  large 

tubes,  one-inch  diameter  and  over,  the  E.  W.  Bliss  Co.'s  No.  63  press 


Fig.  4 1 .    Fiirnaoes  where  the  Tin  Invota  are  o«8t  into  Nine-pound  Blaba 

is  used,  and  Figs.  45  and  46  show  representative  Bliss  presses  for 
making  collapsible  tubes  and  their  caps.  The  No.  63  press  is  rated 
as  a  five-ton  press,  and  its  chief  point  of  distinction,  aside  from  its 
powerful  construction,  Is  its  peculiar  punch  action,  which  will  be  de- 
scribed later.  Referring  to  Fig.  45,  D  shows  the  die-shoe  held  to  the 
bolster  E,  which  latter  is  bolted  to  the  bed  of  the  press;  F  shows  the 
end  of  the  knock-out  rod  operated  by  lever  G.  The  punch  H  is  held  in 
the  arm  J,  which  turns  upon  shaft  J.  Front  plate  K  is  adjustable,  and 
its  inner  side  is  recessed  for  the  cam  that  swings  the  punch-arm  and 
punch  away  from  the  die.  As  the  ram  descends,  this  arm  slowly 
swings  so  as  to  bring  the  punch  in  alignment  with  the  die.  It  reaches 
the  point  of  alignment  just  before  the  end  of  the  stroke,  so  that  at 
the  time  the  end  of  the  punch  strikes  the  blank,  the  punch  descends 
vertically.  In  Fig.  40  the  arm  has  just  started  to  swing  outward  on 
the  upward  stroke,  and  in  Fig.  45  the  arm  is  shown  at  the  end  of  Its 
outward  swing,  giving  the  operator  ample  room  to  withdraw  the  tube 
from  the  punch.  Knock-out  rod  F  frees  the  end  of  the  tube  from  the 
die,  allowing  the  tube  to  remain  on  the  punch  as  it  ascends. 

In  operating  an  extrusion  press  of  this  character,  the  operator  places 
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per  hour,  and  on  the  smaller  tubes,  %-inch  by  2M!-inch,  using  a 
smaller  press  of  the  same  type,  the  average  production  is  1500  tubes 
per  hour. 

Dies  for  Eztrudincr  Collapsible  Tubes 
Figs.  43  and  47  illustrate  the  parts  of  the  dies  and  punches.    Fig.  43 
shows  a  close  view  of  the  tools  in  the  press  and  Fig.  47  shows  the  tools 


Flff.  46.    Detalla  of  Arrans'ement  of  Extnision  Press 

as  they  appear  out  of  the  press.  At  D  is  shown  the  die-shoe,  held  to 
the  press  by  the  two  ears  shown  in  Fig.  47,  and  adjusted  laterally  by 
the  four  screws  L  indicated  in  Fig.  43.  Within  this  die-shoe  rests  the 
die-ring  M,  made  of  tool  steel  and  carefully  hardened  and  tempered. 
This  ring  acts  as  a  support  to  strengthen  the  die  X  shown  within  the 
ring;  this  die  is  also  separately  shown  at  the  front  of  Fig.  47. 

The  die  N  is  made  of  the  best  tool  steel  and  its  cavity  is  made  Just 
the  size  and  shape  of  the  outside  of  the  head  of  the  tube,  except  that 
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the  hole  that  sizes  the  neck  extends  clear  through  this  die  to  admit 
the  knock-out.  Thus  the  knock-out  is  employed  to  form  the  bottom 
of  the  die  as  well  as  to  eject  the  finished  tube.  If  the  shoulders  of  the 
tubes  require  lettering,  a  hob  is  made  with  the  lettering  raised.  By 
placing  this  hob  in  the  die-cavity,  the  letters  are  all  stamped  into  the 


^M 

^1 

^S 

^\ 

^H^ 

PUr.  40.    Bliss  Oap-formliMr  Press  with  Unsorswliis'  Atteobmsnt 

die  at  the  same  time.  A  collapsible  tube  die  must  be  very  smooth  and 
highly  polished  in  order  that  the  metal  will  flow  easily  and  take  on  a 
bright  finish.  This  polishing  is  started  with  fine  emery  and  oil  and 
the  final  high  polish  is  obtained  with  crocus  and  oil.  The  final  polish- 
ing must  be  done  after  the  die  has  been  hardened  and  tempered  to  a 
faint  straw  color. 

The  punch  used  in  extruding  collapsible  tubes  has  several  distinctive 
features  that  are  peculiar  to  this  line  of  work.  Two  of  these  punches 
are  shown  at  H  in  Fig.  47.    The  working  part  of  the  punch  Is  made 
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about  one  inch  longer  than  the  tube  that  is  to  be  produced,  and  two 
inches  additional  length  is  left  for  the  shank.  The  shank  of  the 
punch  is  held  in  the  punch-holder  0  by  tightening  the  nut  upon  the 
tapered  sleeve.    The  part  of  the  punch  that  does  the  actual  work  Is 


Plff.  47.    Tho  Preas  Tools  used  in  Ck>U*paibto  Tabe  Making 

the  tip  end,  having  the  largest  diameter.  To  illustrate  this  more 
clearly,  Fig.  48  shows  two  collapsible  tube  punches  and  dies;  in  one 
case  the  blank  is  shown  in  position  in  the  dies,  and  in  the  other  the 
result  of  the  operation  is  indicated.    From  thesq  it  will  be  seen  that 


Tig.  48.    Principle  of  Maklnff  a  CoUapeible  Tube 

the  long  pilot  forms  the  hole  at  the  shoulder  and  outlet.  As  the  pres- 
sure upon  the  blank  is  increased,  the  recess  4n  the  die  becpmen  jHled 
with  metal  and  the  excess  metal  is  squeezed  up  past  the  vend  of  the 
rib  on  the  punch.  As  the  pressure  is  continued,  the  shoulMer^of  the 
tube  constantly  becomes  thinner;  the  displaced  metal  is  forc^  into  the 
walls  of  the  tube,  thus  increasing  its  length.    It  is  obvious  that  after 
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id  paat  the  ribbed  end  of  the  punch,  its 
If  part  of  tbe  punch  Is  considerably  smaller 
i>f  the  tube.  For  a  one-inch  tube,  the  di^ 
Ih^  ribbed  end  of  the  punch  would  measure 
'^  fh**  body  of  the  punch  would  be  approximately 
r.  The  punches  are  made  of  Jessops  steel,  hard- 
r  drawn  to  a  liKht  straw  color,  except  the 
-  drawn  very  much  lower.  The  punch-holder  O 
vinging  arm  /  shown  in  Fig.  45. 


TrimminfiT  the  Tubes 

When  the  tubes  come  from 
the  extrusion  presses  they 
appear  as  shown  at  T  in 
Fig.  42.  As  will  be  noticed, 
the  opening  in  the  head  is 
not  cut  through,  nor  is  the 
head  threaded.  Better  re- 
sults are  obtained  by  cutting 
the  thread  at  the  time  the 
tube  is  trimmed.  The  trim- 
ming and  threading  is  done 
in  tube  trimming  and  thread- 
ing machines  of  a  type  de- 
signied  especially  for  the 
work  and  patented  by  this 
company.  At  R  in  Fig.  42 
the  tube  is  shown  completed. 

Cap-makinsr 

The    caps    for   collapsible 

tubes   are   made   in   an   en- 

tirely  different  manner  from 

piv  tub'js.   although   the   blanking  and   finishing  operations  are  very 

pi'li     the    same    as    those    employed    in    the    tube    making.     The 

rial   for  the  caps  iov  y-inch  tubes  is   rolled  to  a  thickness  of  0.140 

r*  blanks  are  cut  l-^  i^ch  in  diameter,  and  the  punchings  are 

^aed  as  were  the  tube  blanks.     In  the  background  of  Fig.  49 

be  ^een  a  cap-hlanking  pro^s.  wliile  In  the  foreground  are  shown 

working  parts  of  two  cap-forming  presses. 

FormtQff  the  Caps 

r he' operation  or  forming  th(>  caps  U  an  interesting  piece  of  press- 
k,  and  the  prinelplei?  should  be  applk^able  to  other  lines  Of  manu- 
I  \Ting.  By  r^fprrlng  to  Fig,  46.  t!ie  t>peTation  of  the  tools  may  be 
'  :  triy  followed.  The  dir-  ja  shown  at  .i.  and  upon  its  top  surface  there 
I-  J  slide  B  that  fatilitates  the  fi*  ding  of  the  blanks  to  the  working 
imrt  of  the  die,  without  danger  to  the  oi>erator*s  fingers.  The  punch  C 
I* an  its  tip  end  threaded  with  the  same  size  thread  as  that  on  the  tube 
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that  the  cap  is  to  be  used  with.  The  die-cavity  is  of  the  same  diameter 
as  the  outside  of  the  cap  to  be  formed.  Thus,  when,  the  punch  strikes 
the  blank,  the  tin  is  "crowded"  around  the  sides  of  the  punch,  being 
confined  on  the  outside  by  the  limits  of  the  die-cavity.  This  operation 
wedges  the  blank  tightly  into  the  die-cavity,  but  as  the  metal  is  just 
as  tightly  pressed  into  the  threads  upon  the  punch,  the  cap  is  readily 
withdrawn  when  the  punch  ascends. 

The  manner  in  which  the  cap  is  removed  from  the  threaded  punch 
Is  of  interest.  As  the  punch  rises  from  the  die,  a  beveled  shoulder  Z>, 
on  the  upper  part  of  the  punch  body,  comes  into  contact  with  the  ends 
of  three  set-screws,  located  at  the  upper  ends  of  the  gripping  fingers  E. 
As  these  fingers  are  centrally  hinged,  the  effect  of  this  contact  of  the 
bevel-edged  shoulder  against  the  set-screws  on  the  upper  ends  of  the 
gripping  fingers  is  to  throw  the  tips  of  the  fingers  together,  causing 
them  to  grip  the  cap  as  it  rises  on  the  punch.  These  gripping  fingers 
are  pivoted  in  a  circular  plate  that  is  fitted  to  a  bearing  in  stripping 
plate  G.  One  of  these  circular  plates,  of  the  two-finger  style,  is  shown 
at  F  at  the  side  of  the  press.  By  means  of  a  pulley  H  on  the  driving 
shaft,  run  independently  from  above,  ^o  as  to  make  possible  a  higher 
ipeed,  the  gripping  finger  plate  is  kept  constantly  revolving.  Thus,  as 
soon  as  the  cap  is  gripped  by  the  fingers,  it  is  rapidly  vnscrewed  from 
the  punch.  During  this  operation,  the  punch  is  rising,  and  in  order 
that  the  cap  will  not  be  pulled  away  from  the  gripping  fingers,  the 
stripping  plate  O  that  supports  this  mechanism  is  arranged  to  slide 
upward  upon  pins  /.  thus  keeping  pace  with  the  ascending  punch. 
When  the  cap  has  been  unscrewed,  the  punch  continues  to  rise  until 
the  set-screws  slide  off  the  shoulder  at  the  bottom,  thus  releasing  the 
fingers  and  allowing  the  cap  to  slide  into  a  box  at  the  rear  of  the  press. 
Some  caps  have  a  monogram  embossed  upon  the  top;  this  part  of  the 
work  is  easily  included  in  the  forming  operation  by  engraving  the 
design  in  the  bottom  of  the  die. 
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